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(57) ABSTRACT 

This invention related to a packaging container and a 
container closure having excellent curability, aesthetic 
beauty of an ultraviolet ray hardened coating, transferability 
of a container, beat-resistant treatability, retortability, and 
sanitary characteristics. The present invention provides to a 
packaging container and a container closure having, on the 
outer surface, a coating layer of a resin composition which 
comprises a cationic curable resin comprising an alicyclic 
epoxy resin, a photo-cationic-curing catalyst comprising a 
compound of the following formula (1), 

(1) 




wherein each of Ri and R2 is an alkyl group, and they may 

be the same or diflferent, and R3 is an alkyl group, 
a sensitizer comprising a thioxanthone sensitizer, 

and a pigment comprising titanium dioxide, wherein the 
amount of said titanium dioxide is at least 0.30 mg per 1 cm^ 
of said coating layer, the amount of said photo-cationic- 
curing catalyst is 1 to 20% by weight with regards to said 
titanium dioxide, and the amount of said sensitizer is 1.5 to 
S% by weight with regards to said titanium dioxide. 

9 Claims, No Drawings 
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PACKAGE CONTAINER AND CONTAINER 
CLOSURE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to a packing container and a con- 
tainer closure having a coating layer or a printing ink layer 
of an ultraviolet ray-curable resin on an outside surface, and 
more specifically, to a packaging container and a container 
closure having excellent curability, aesthetic beauty of an 
ultraviolet ray hardened coating, transferability of a 
container, heat-resistant treatability, retortability, and sani- 
tary characteristics. 

2. Prior Art 

An ink or coating composition containing an ultraviolet- 
curable resin does not have a problem of the volatilization of 
a solvent in drying or baking. Furthermore, since a printed 
matter or a coated product does not need heating, these 
compositions are used in various applications or such a use 
have been investigated. 

As examples of heretofore used ultraviolet ray-curable 
resin commpositions, a combination of an epoxy resin and 
a cationic ultraviolet ray polymerization initiator, a combi- 
nation of urethane (metb)acrylate and an acrylate monomer, 
and an epoxy (meth)acrylate resin have been known. 

Japanese technical Publication No. 7344/96 (Published on 
Jul. 3, 1996; Nippon Unicar Co.; developer: Eiji Ando and 
Kenichi Suzuki; Int.Q. C09D163/00) describes a resin com- 
position composed of an ultraviolet-curable resin composi- 
tion comprising an aliphatic cyclic epoxy resin, a cationic 
polymerization initiator, and polydiorganosiloxane- 
polyoxyalkylene alternate block copolymer. 

An ultraviolet-curable resin composition contains an 
photo-cationic-polymerizable epoxy-type monomer and an 
photo-cationic-polymerization initiator has an advantage of 
forming a cured coating by ultraviolet inadiation without the 
need of heating. However, the ultraviolet-cured coating to be 
formed has an insuflScient degree of curing, and as a coating 43 
layer or a printing ink layer of a package container, it has an 
insufficient problem in transferability, heat-resistant treat- 
ability and retortability. In this packaging container, a 
smooth transferring operation of a container is essential in a 
production step and a filling step. If the degree of curing is 45 
low in the coating layer or in the printing ink layer or 
slidability is poor on the outer surface, the coating will be 
easily damaged by contact with another object or by colli- 
sion with another object. Furthermore, to improve the pre- 
servability of the contents, hot filling, sterilization by pas- 
teurizer and retort sterilization have been carried out, but 
known ultraviolet ray-curable resins which can withstand 
these heat treatments, especially retort sterilization 
operation, are very few. 

The photo-cationic -curing catalysts are decomposed by 
ultraviolet rays and release Lews acid. This Lewis acid 
polymerizes an epoxy group, and for example, an aromatic 
iodonium salt, an aromatic sulfonium salt, an aromatic 
selenium salt and an aromatic diazonium salt arc used. 
However, although these photo-cationic-curing catalysts 
have a satisfactory sensitivity to ultraviolet rays having a 
short wavelength of generally 280 nm or below, they do not 
have a sufficient sensitivity to ultraviolet rays having a long 
wavelength. They only can insufificiently satisfy a purpose of 
forming the coating layer or the printing ink layer of the 
containers by curing due to ultraviolet rays. The pigments 
contained in the coating layer or the printing ink layer absorb 
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ultraviolet rays having a short wavelength, for example, 
titanium dioxide absoibs ultraviolet rays having a shorter 
wavelength than 380 nm. 

Furthermore, the photo-cationic-curing catalysts have a 
problem of sanitary characteristics. Known photo-cationic- 
curing catalysts may have a toxicity, and an iodonium salt 
has a problem of irritability of a bodily part. Furthermore, 
antimonate has a problem because it is composed of a heavy 
metal sak. 

Of course, these photo-cationic-curing catalysts may be 
used in combination with known sensitizers, but many of the 
sensitizers have a problem of toxicity. Such sensitizers might 
not show a sensitizing action on ultraviolet rays having a 
long wavelength. Furthermore, some sensitizer may have a 
strongly brown color and may color the cured coated film. 
Combinations of photo-cationic-curing catalysts showing 
satisfactory curing properties to ultraviolet rays on the long 
wavelength with sensitizers have not been known so much. 

SUMMARY OF THE INVENTION 

The present inventors have found that a combination of a 
photo-cationic-curing catalyst composed of a specified sul- 
fonium salt with a thioxanthone-type sensitizer shows sat- 
isfactory curing properties to ultraviolet rays having a long 
wavelength without generating the above-mentioned defects 
even when a pigment of titanium dioxide is contained in a 
high optical concentration, a coating layer or a printing ink 
layer having excellent curability, aesthetic beauty, transfer- 
rability of a container, heat treatability, retortability, and 
sanitary characteristics can formed on a packaging container 
or a container closure. 

It is an object of this invention to provide a packaging 
container and a container closure having an ultraviolet- 
curable coating layer or a printing ink layer having excellnet 
curability, aesthetic beauty, transferrability of a container, 
heat treatability, retortability, and sanitary characteristics, 
the above coating layer or the printing ink layer showing 
satisfactory curing properties on ultraviolet rays having a 
long wavelength. 

According to this invention, there are provided a pack- 
aging container and a container closure having, on the outer 
surface, a coating layer of a resin composition which com- 
prises 

a cationic curable resin comprising an alcyclic epoxy 
resin. 

a photo-cationic-curing catalyst comprising a compound 
of the following formula (1), 



(1) 
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■S* CHCOOR3 



wherein each of Rj and R2 is an alkyl group, and they 
may be the same or different, and R3 is a hydrogen 
atom or an alkyl group, 

a sensitizer comprising a thioxanthone sensitizer, and 

a pigment comprising titanium dioxide, 

wherein; 

the amount of said titanium dioxide is at least 0.3 mg, 
especially 0.4 to 0.9 mg, per 1 cm^ of said coating 
layer, 

the amount of said photo-cationic-curing catalyst is 1 to 
20%, especially 1.5 to 10%, by weight with regard to 
said titanium dioxide, and 
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the amount of said sensitizer is 1.5 to 5%. especially 1.5 
to 4% by weight with regards to said titanium 
dioxide. 

1. The photo-cationic-curing catalysts include 2-naphthyl- 

1- ethoxycarbonylethylmethyl sulfonium.hexafluorophos- 
phonate (catalyst 1), 2-naphthyl-l- 
methoxycarbonylethylmethyl 
sulfonium.hexafluorophosphonate (catalyst 2) and 

2- naphthyl-l-ethoxycarbonylpropylmethyl sulfonium- 
.hexafluorophosphonate (catalyst 3). 

2. The above resin composition contains 1 to 20 parts by 
weight, especially 1.5 to 10 parts by weight, of the photo- 
cationic-curing catalyst, and 1.5 to 5 parts by weight, 
especially 1.5 to 4 parts by weight, of the thioxanthone-type 
sensitizer, per 100 parts by weight of titanium dioxide. 

3. The above resin composition contains 30 to 250 parts 
by weight, especially 40 to 220 parts by weight, of tittanium 
dioxide, especially rutile-type titanium dioxide, per 100 
parts by weight of the alicyclic epoxy resin. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENT OF THE INVENTION 

The container of this invention may be any packaging 
container or any container closure formed from a metal, a 
plastic or a laminate thereof, such as a can or a closure 
composed of a metal material or a coated metal material, a 
bottle or a closure composed of a thermoplastic resin, or a 
pouch or a closure composed of a thermoplastic resin 
laminate or a thermoplastic resin-metal foil laminate. 

In this invention, a specified sulfonium salt of the above 
formula (1) is selected as the pholo-cationic-curing catalyst, 
and is combined with the thioxanthone-type sensitizer, the 
alicyclic epoxy resin and the titanium dioxide pigment to use 
the combination in forming the coating layer or the printing 
ink layer of the package or closure. 

The sulfonium salt used in this invention is structurally 
characterized in that the aryl group bonded to a sulfur atom 
is a 2-naphthyl group, a 1-alkoxycarbonylalkyl group is 
bonded to the sulfur atom, and moreover, the coordinated 
anion of the sulfonium salt is a hexafluorophosphonate 
anion. 

This sulfonium salt shows excellent dissolvabilty and 
dispersibility in the alicylic epoxy resin composition and 
also shows excellent curability in a combination with the 
below-mentioned thioxanthone-type sensitizer, especially 
excellent curability under conditions in which ultraviolet 
rays shorter than 380 nm are absorbed by the pigment, and 
the formed film is not injured during transferring the pack- 
age container, and imder retorting sterilization conditions, 
the formed film does not feel rough nor becomes whitened 
nor forms a blister, and the film has excellent heat resistance 
and hot water resistance. 

The sulfonium salt has excellent sanitary characteristics. 
The results of a Ames test are negative with respect to the 
above-mentioned catalysts 1 to 3. 

The thioxanthone-type sensitizer used in this invention 
has a skeleton shown in the following formula (2) 
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and gives an excellent sensitization effect in combination 
with a specified sulfonium salt, especially gives an excellent 
sensitization effect under conditions in which ultraviolet 
rays shorter than 380 nm are absorbed by the pigment. As 

15 abeady pointed out, many of the sensitizers have a yellow 
brown color, and the cured fihn is colored. However, this 
thioxanthone-type sensitizer colors a cured film compara- 
tively seldom, and gives an excellent outer appearance of the 
cured film, and can increase the merchandize value of the 

20 package. Furthermore, the thioxanthone-type sensitizer has 
excellent sanitary characteristics among various sensitizers. 

As stated above, a specified sulfonium salt-type photo- 
cationic-curing catalyst is combined with the thioxanthone- 
type sensitizer and the alicyclic epoxy resin, and by com- 

25 pounding the combined compounds in a coating layer or a 
printing ink layer of the package container, these compounds 
show satisfactory curing properties against ultraviolet rays 
having a long wavelength without showing the defects of the 
conventional technology. As a result, it is possible to form a 

30 coating layer or a printing ink layer having excellent 
curability, aesthetic beauty of a film cured by ultraviolet 
rays, transferrability of the container, heat treatment 
resistance, retortability, and sanitary characteristics on a 
package container. 

35 In this invention, even when the amount of titanium 
dioxide is as large as at least 0,30 mg/cm^ with regards to the 
unit area of the coating layer, a combination of the sulfonium 
salt-type curing catalyst and the thioxanthone-type sensitizer 
can give an excellent curing action by ultraviolet rays. 

40 As described above, titanium dioxide contained in the 
ultraviolet-curable resin composition absorbes ultraviolet 
rays having a shorter wavelength than 380 nm, and retards 
the curing of the resin. In contrast, in spite of the fact that in 
the resin composition of this invention, the optical concen- 

45 tration of titanium dioxide is relatively high, the curing of 
the resin composition is carried out suflBciently by UV 
irradiation within a short period of time. Since the TiOj 
concentration is high, a satisfactory whiteness can be 
obtained. Furthermore, intimate adhesivenes or abrasion 

50 resistance of a coating substrate is increased, and a metallic 
container or closure has increased corrosion resistance. The 
above-mentioned advantage is obtained by compounding 
titanium dioxide in the resin composition. Expecially, from 
the standpoint of aesthetic beauty of the container, the 

55 titanium dioxide have a relatively high optical concentration 
of 0.30 to 1.0 mg/cm^ per unit area of the coating layer. If 
the amoimt of titanium dioxide per unit area of the coating 
layer is lower than the above range, an excellent outer 
appearance cannot be obtained, and on the other hand, if the 

60 amount of titanium dioxide exceeds the above range, there 
is no extreme change in hiding power nor a particular 
advantage. 

To obtain UV curability within a short period of time, the 
photo-cationic-curing catalyst should be used in an amount 
65 of 1 to 20% by weight, especially in an amount of 1.5 to 10% 
by weight with regards to the titanium dioxide. On the other 
hand, the amount of the sensitizer per titanium dioxide 
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should be 1.5 to 5% by weight, especially 1.S to 4% by 
weight. When the amount of the sensitizer is lower than the 
above range, UV curability tends to be decreased. On the 
other hand, if the amount of the sensitizer is larger than the 

above range, the hardened resin layer tends to be colored in 
a color phase inherent to the sensitizer, namely a yellow 
color. 

[Photo-cationic-polymerizable Epoxy Resin] 

The photo-cationic-polymerizable epoxy resin includes 
an epoxy resin component having an alicyclic group in the 
molecule in which a carbon atom ajacent to the alicyclic 
group forms an oxirane ring. For example, epoxy com- 
pounds having at least one epoxycycloalkane group within 
the molecule such as an epoxycyclohexane ring or an 
epoxycyclopentane ring are used singly or as mixtures. 

Suitable examples include vinylcyclohexene diepoxide; 
vinylcyclohexene monoepoxide; 3,4- 
epoxycyclohexylmethyl-3,4-epoxycyclohexane carboxy- 
late; 2-(3,4-epoxycyclohexyl-5,5-spiro-3,4-epoxy) 
cyclohexane-m-dioxane; bis(3,4-epoxycyclohexyl)adipate; 
and limonen dioxide. 

In the present invention, the above alicyclic epoxy resins 
may be used singly or as mixtures of at least two resins, or 
with another epoxy resin. Other epoxy resins are general- 
purpose resins derived from polyvalent phenols such as 
bisphenols and epihalohydrins. A epoxy resin composed of 
repeating units expressed by the formula (3) 



CH2-CH-CH2CH>.Y-<t)-0-[CH2CHCH2- 
OH 



a 2-naphthyl-l-methoxycarbonylethylmethylsulfonium 
hexafluorophosphonate (catalyst 2), namely a sulfonium salt 
expressed by the following formula (5) 



(5) 
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2-naphthyl-l-ethoxycarbonylpropylmethylsulfonium 
hexafluorophosphonate (catalyst 3), namely a sulfonium salt 
expressed by the following formula (6). 



(6) 



20 




CH3 CH2CH3 

s* — chcxxx:h2CH3 



The above sulonium salts used in this invention can be 
25 obtained by reacting 2-naphthyl-l-alkoxycarbonylalkyl sul- 
fide expressed by the following formula (7) 



(7) 



(3) 

0-4>-Y-<l>-O-]5rCH2CH-CH2 . . . 

O 



30 




-CHCOOR3 



wherein <j) is a phenylene group, and y is a bridging group 
such as a methylene group, an ethylidene group or a 
2,2-propylidene group 
is suitable. This epoxybisphenol-type resin preferably has an 
epoxy equivalent of 3000 to 5500, and a number average 
molecular weight of 3500 to 5000. 

In the epoxy resin used in this invention, the alicycUc 
epoxy resin component accounts for at least 70% by weight, 
especially at least 80% by weight, of the total epoxy resin 
preferably in respect of the curability of ultraviolet rays. 
[Photo-cationic-curing Catalyst] 

In this invention, as the pboto-cationic-curing catalyst, the 
sulfonium salt expressed by general formula (1) is used. In 
general formula (1), examples of the alkyl groups R^, R2 and 
R3 arc alkyl groups having not larger than 4 carbon atoms, 
such as a methyl group, an ethyl group, a propyl group and 
a butyl group. is preferably a methyl group; Rj is 
preferably a methyl group or an ethyl group; and R3 is 
preferably a methyl group or an ethyl group. 

Especially preferred sulfonium salts include a 2-naphthyl- 
1-ethoxycarbonyl ethylmethylsulfonium hexafluorophos- 
phonate (catalyst 1), namely the following formula (4), 
namely a sulfonium salt expressed by the following formula 
(4) 



wherein R2 and R3 are as defined above, 
with a dialkylsulfuric acid expressed by the foUowing for* 
mula (8) 

(RiO)2S02 (8) 

wherein R^ is as defined above, 
and reacting the reaction product with potassium phosphate 
6-fluoride. 

[Thioxanthone-type Sensitizers] 

Sensitizers used in this invention are known compounds 
having a thioxanthone skeleton, and any thioxanthone-type 
compounds may be used. 

Preferred thioxanthone-type sensitizers are compounds of 
the following formula (9) 

(9) 





60 wherein R4, R5, R^ and R7 may be the same or different 
and represent a hydrogen atom, an alkyl group or a 
chlorine atom. 
Specific compounds include 2,4-diethylthioxanthone, 
2-isopropylthioxantbone, 4-isopropylthioxanthone, 
65 l-chloro-4-propoxythioxanthone, and mixturess thereof, 
'llie resent invention is of course not limited to these 
examples. 
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[Ultraviolet-curable Resin Compositions] 

The ultraviolet-curable resin composition used in this 
invention may include the alicyclic epoxy resin, the speci- 
fied sulfonium salt-type photo-cationic-curing catalyst, the 
thioxaDthone-type sensitizer and titanium dioxide as essen- 5 
tial components. 

It is preferred that the specified sulfonium salt-type photo- 
cationic-curing catalyst is used in an amount of 1 to 20 parts 
by weight, especially in an amount of 1.5 to 10 parts by 
weight, per 100 parts by weight of titanium dioxide. If the 
amouunt of the sulfonium salt-type photo-cationic-curing 
catalyst is below the above range, sufBcient ultraviolet 
curability cannot be obtained. On the other hand, when the 
amount of the sulfonium salt-type photo-cationic-curing 
catalyst exceeds the above range, no particular advantage is 
obtained. Economically, it is disadvantageoiis, and the cata- 
lyst residue will cause adverse effects. 

On the other hand, the Ihioxanthone-type sensitizer may 
be used in an amount of 15 to 5 parts by weight, especially 
in an amount of 1.5 to 4 parts by weight, per 100 parts by 
weight of titanium dioxide. If the amount of the 20 
thioxanthone-type sensitizer is below the above-mentioned 
range, sufficient ultraviolet curability cannot be obtained. On 
the other hand, if the amount of the thioxanthone-type 
sensitizer exceeds the above range, no particular advantage 
can be obtained. Economically, it becomes disadvantageous, 25 
and excessive sensitizer tends to cause coloration of the film. 

The ultraviolet ray-curable resin composition used in this 
invention may contain a cross-linking agent, a crosslinldng 
promoter, a reactive diluent, a plasticizer, a lubricant, a 
levelling agent and a pigment such as titanium dioxide 
according to known recipes. 

In the ultraviolet ray-curable resin composition used in 
this invention, especially in a composition used as a coating 
layer, a hydroxyl-containing ethylenicalty unsaturated 
monomer, especially a monomer expressed by the formula 

(10) 35 

(10) 

r 

CH2=C — O (Z — 0)i — H 40 

wherein Rg is a hydrogen atom or a lower alkyl group, Z 
is an alkylene group having 2 to 6 carbon atoms, and n 
is a number of at least 1, 

may be added as a cross-linking agent also serving as a 

diluent. 

With respect to cationic polymer izability, the hydroxyl- 
containing ethylenically unsaturated monomer is preferably 
a monomer having an ether group bonded to the ethyleni- 
cally unsaturated carbon atom, more specifically, a monomer 
expressed by the general formula (10). This chemical struc- 
ture imparts high cationic polymerization activity, and give 
a phable structure composed of an aliphatic ether linkage. 

In the general formula (10), the alkylene group may be a 
straight chaian alkylene group or a branched chain alkylene 55 
group. The number of n is not particularly limited, but 
preferably may be a number of 4 or below. Examples of this 
monomer may include 4-hydroxybutyl ether, 1,6-hexanediol 
monovinyl ether, neopentyl glycol monovinyl ether, ethyl- 
ene glycol monovinyl ether, diethyleneglycol monovinyl 60 
ether, triethylene glycol monovinyl ether, dipropylene glycol 
monovinyl ether, tripropylene glycol monovinyl ether, dibu- 
tylene glycol monovinyl ether, tributylene glycol monovinyl 
ether, pentaerythritol divinyl ether, trimethylol propane 
monovinyl ether, trimethylol propane divinyl ether, pen- 65 
taerythritol monovinyl ether and dipentaerythritol divinyl 
ether. 
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The hydroxyl-containing ethylenically unsaturated mono- 
mer may be used in an amount of 2 to 30 parts by weight, 
especially in an amount of 5 to 20 parts by weight, per 100 
parts by weight of the alicyclic epoxy resin. 

Examples of other reactive diluents include polyvalent 
alcohol derivatives and oxetane compounds. The polyvalent 
alcohol derivatives may contain at least one known hydroxyl 
group. Examples of the oxetane compounds are 3-ethyl-3- 
phenoxymethyloxetane, 3-methyl-3- 
hydroxymethyloxelane, and 3-ethyl-hydroxymethyloxetane. 
These polyvalent alcohol derivative or the oxetane com- 
pounds are used preferably in an amount of 1 to 15 parts by 
weight, e^ecially in an amount of 2 to 10 parts by weight, 
per 100 parts by weight of the alicyclic epoxy resin. 

Other examples of the cross-linking agent include resins 
containing an epoxy group within the molecule such as 
epoxidized polybutadiene and resins containing a hydroxyl 
group in the molecule. These resin-type cross-linking agents 
can be used in an amount of 2 to 30 parts by weight, 
especially 5 to 20 parts by weight, per 100 parts by weight 
of alicyclic epoxy resin. 

The organic silicone -type resin used as an arbitrary com- 
ponent in this invention may be any desired organic silicone- 
type resins if they impart levelling property to the formed 
ulU"aviolet ray-cured resin layer and slidability to ultraviolet 
ray cured resin film. Preferred examples of the organic 
siUcone-type resins include polyalkylhydrogen siloxanes 
containing alkyl groups containing 1 to 18 carbon atoms, 
especially alkyl (7 to 8 carbon atoms) modified products of 
polymethylhydrogen siloxanes. 

As organic silicone-type resins, polyorganosiloxane- 
polyoxyalkylene block copolymers described in the above- 
mentioned Japanese technical Publication described above 
may be used. 

The organic silicone resins may be used in an amount of 
0.05 to 2 parts by weight, especially 0.1 to 1 part by weight, 
per 100 parts by weight of the ahcyclic epoxy resin. 

Pigments used in inks and paints may be those comprising 
of titanium dioxide as a main component but not limited to 
these materials. 

Even pigments which cause curing obstruction may be 
used sufficiently if these pigments are coated. 
Black Pigments 

Caibon black, acetylene black, lamp black and aniline 
black. 

Yellow Pigments 

Chrome yellow, zinc yellow, cadmium yellow, yellow 
iron oxide, mineral fast yellow, nickel titanium yellow, 
naples yellow, naphthol yellow S, Hansa Yellow G, Hansa 
Yellow lOG, Benzidine Yellow G, Benzidine Yellow GR. 
quinoline yellow lake, Permanent Yellow NCG, and Tartra- 
zine Lake. 
Orange Pigments 

Chrome orange, molybdenum orange, Permanent Orange 
GTR, pyrazolone orange, Vulcan Orange, Indanthrene Bril- 
liant Orange RK, Benzidine Orange G, and Indanthrene 
Brilliant Orange GK. 
Red Pigments 

Red iron oxide, cadmium red, red lead, cadmium mercury 
sulfide. Permanent Red 4R, Lithol Red, pyrazolone red, 
Watchung Red Calcium Sak, Lake Red D, Brilliant Carmine 
6B, eosine lake, Rhodamine Lake B, Alizarine Lake and 
Brilliant Carmine 3B. 
>^olet Pigments 

Manganese violet. Fast Violet B, and methyl violet lake. 
Blue Pigments 

Prussian Blue, cobalt blue, alkali blue lake, Victoria blue 
lake, phthalocyanine blue, non-metallic phthalocyanine 
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blue, partially chlorinated phthalocyanine blue, Fast Sky in the ultraviolet ray-curable resin composition of this 
Blue and Indanthrene Blue BC. invention to alleviate curing shrinkage due to the crosslink- 
Green Pigments age of the resin or to adjust the hardness of a coated film. 

Girome green, chromium oxide, Pigment Green B, mala- Examples of the resins may include acrylic resins and 

chile green lake and Final Yellow Green G. 5 petroleum resins, not limited these resins. 

White Pigments It is possible to mix other known photo-cationic-curing 

Zinc white, antimony white and zinc sulfide. catalysts with the resin composition of this invention. 

Extender Pigments Examples of the other photo-cationic-curing catalysts are 

Baryta powder, barium carbonate, clay, silica, white preferably triaryl sulfonium salts containing phosphorus as 

carbon, talc and alumina white. lo a counter ion from a sanitary characteristic. Preferably 

The above pigments may be used in an amount of 200 specific examples are diphenyl-4- 

parts by weight or below, especially 180 parts by weight or phenylthiophenylsulfonium hexafluorophosphate and bis- 

below per 100 parts by weight of the resin composition. [4-(diphenylsulfonio)phenyl] 

A lubricant may be compounded in the ultraviolet ray- sulfidebishexafluorophosphate. 

curable resin composition to impart slidability to an outside 15 [Packaging Container and Container Closure] 

surface. A container provided with a coating layer or a printing ink 

Examples of the lubricant include (a) hydrocarbon-type layer may be any packaging container or container closure 

compounds such as flowing, natural or synthetic paraffins, formed from a metal, a plastic or a laminated body thereof, 

microwaxes, polyethylene waxes, and chlorinated polyeth- such as a can or a closure composed of a metal material or 

ylene waxes; (b) aliphatic acid compounds such as stearic 20 a coated metal material, a bottle composed of a thermoplas- 

acid and lauric acid; (c) aliphatic acid monoamide-type tic resin, and a cup, pouch or tube composed of a laminated 

compounds or bisamide-type compounds such as body of a thermoplastic resin or a thermoplastic resin metal 

stearamide, palmitamide, oleamide, esilic acid amide, foil laminated body. In particular, the present invention is 

methylenebisstearamide, and ethylenebisstearamide; (d) useful as an undercoat for a canning can or a cup for heat 

ester-type compounds such as butyl stearate, hardened cas- 25 sterilization such as retort sterilization or for a bottle, a 

tor oil and ethylene glycol monostearate; (e) alcohol-type pouch or a tube. The present invention is also useful as a 

compounds such as cetyl alcohol and stearyl alcohol; (f) printing ink or a top coating layer. These examples will be 

metal soaps such as zinc stearate, magnesium stearate and described below. 

calcium stearate; and (g) mixtures of the above compounds. (1) Canning Can and a Container Closure 

These lubricants may be used in an amount of 10 parts by 30 As the canning can, examples are seamless or press- 
weight or below, especially 2 to 8 parts by weight, per 100 formed cans formed by draw formation and deep draw 
parts by weight of the resin composition. formation or draw formation and ironing of a metal material 

A plasticizer may be contained in the ultraviolet ray- or a resin coated metal material. A thermoplastic resin film 

curable resin composition to impart flexibility or pliability to such as a polyester is laminated on the surface of a metal 

the coated film. Examples of the plasticizer include ester- 35 substrate, and the laminated body is subjected to a deep draw 

type plasticizers such as phthalic acid ester-type plasticizers, formation or draw formation and ironing to form a product 

adipic acid ester-type plasticizers and succinic acid ester- having excellent corrosion resistance and processability. 

type plasticizers; polyester-type plasticizers, phosphoric This polyester coated layer has excellent barrier resistance 

ester-type plasticizers and chlorine-type plasticizers. against mechanical properties and a corrosive component. 

These plasticizeis may be used in an amount of 15 parts 40 but has is poor intimate adhesiveness to a white coat, a 

by weight or below, especially 1 to 10 parts by weight, per printing ink, or a finishing varnish. When the resulting can 

100 parts by weight of the resin composition. body after providing a coat, an ink or a varnish is subjected 

Since the ultraviolet ray-curable resin composition used in to a neck-in processing or a bead processing, there is a 

this invention shows a marked non-Newtonian behavior, it is problem that the ink or varnish easily peels off. 

difficult to define its viscosity. But a shearing speed at an 45 When the resin composition of this invention is placed on 

apparent viscosity at 1 sec"^ may desirably be in a range of the polyester-coated layer of the can in the fonn of a white 

1 to 5000 poises (p, 20® C). coat or ink, and is subjected to an ultraviolet ray curing, the 

The ultraviolet ray-curable resin composition of this resin composition did not receive an injury such as peeling 

invention may include an acrylate-type radical curable even after the resin composition was subjected to a severe 

monomer, an oligomer and a radiical curable initiator for the 50 neck-in processing or a bead processing. When the contents 

purpose of increasing curability in an early period. The were filled and after sealing, were subjected to a sterilization 

amount of the acrylate-type radical curable monomer and by retorting, excellent intimate adhesiveness was maintained 

the oligomer to be compounded may desirably be not larger and a merchandize value could be increased, 

than 20 parts by weight, especially not larger than 15 parts Various surface-treated steel sheets or light metal sheets 

by weight per 100 parts by weight of the resin composition 55 such as aluminium may be used as a metal sheet constituting 

of this invention. The acrylate-type monomer and the oli- the can. As the surface-treated steel sheets, a cold rolled steel 

gomer may be known monomers and oligomers, but aery- sheet is annealed, is secondarily cold rolled, is subjected to 

loyl moq)holine and urethane acrylate are not preferred at least one surface treatment such as zinc plating, tin 

because they cause curing obstruction of the resin compo- plating, nickel plating, and is treated with an electrolytic 

sition of this invention. The radical curable initiator may be 60 chromic acid, or with chromic acid. One example of a 

a known one, but alpha-aminoalkylphenone-type photo- preferred surface-treatetd steel sheet is an electrolytically 

polymerization initiators are not preferred because these chromic acid-treated steel sheet, especially having 10 to 200 

compounds cause curing obstruction of the resin composi- mg/m^ of a metal chromium layer and 1 to 50 mg/m^ 

tion of this invention. (calculated as metal chromium) of a chromium oxide layer. 

Known resins not having a crosslinkable functional group 65 lliis treated steel sheet has an excellent combination of film 

(such as an epoxy group, a hydroxy 1 group, an oxetanyl intimate adhesiveness and corrosion resistance. Another 

group and an unsaturated vinyl group) may be compounded example of the surface-treated steel sheet is a hard tin plate 
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having 0.5 to 11.2 g/m^ of the tin plated amount. This tin 
plate is desirably subjected to a chromic acid treatment or a 
chromic add/phosphoric acid treatment so that the amount 
of chromium may be 1 to 30 mg/m^ calculated as metal 
chromium. Yet another example is an aluminum-coated steel 5 
sheet plated with aluminum, or press-contacted with alumi- 
num. Among these examples, when the above-mentioned 
technology is applied to the electrolytic chrome treated steel 
sheet, the effect is especially great. 

As the light metal sheet, a pure aluminum sheet and 10 
another aluminum alloy sheet may be used. An aluminum 
alloy sheet having excellent corrosion resitance and process- 
ability has a composition comprising 0.2 to 1.5% by weight 
of Mn, 0.8 to 5% by weight of Mg, 0.25 to 0.3% by weight 
of Zn, 0.15 to 0.25% by weight of Cu and the remainder 15 
containing Al. It is desirable that these light metal sheets are 
subjected to a chromic acid treatment or a chromic acid/ 
phosphoric acid treatment so that the amount of chromium, 
calculated as metallic chromium, may become 20 to 300 
mg/m^. 20 

The thickness of the blank of the metal sheet, namely the 
thickness (tB) of a can bottom portion, differs depending 
upon the type of the metal, the use of the container, or the 
size of the container. Generally, it has a thickness of 0.10 to 
0.50 mm. Among the metal sheets, the surface-treated steel 25 
sheet preferably has a thickness of 0.10 to 0.30 mm. 
Furthermore, the light metal sheet preferably has a thickness 
of 0.15 to 0.40 mm. 

A crystalUne thermoplastic resin is preferred as a ther- 
moplastic resin to be coated on the metal sheet. Examples of 30 
the above resin include an olefin resin film such as 
polyethylene, polypropylene, ethylene-propylene 
copolymer, ethylene-vinyl acetate copolymer, ethylene- 
acrylic acid ester copolymer and an ionomer; polyesters 
such as polyethylene terephthalate, polybutylene 35 
terephthalate, and ethylene terephthalate/isophthalate 
copolymer; polyamides such as nylon 6, nylon 6,6, nylon 11 
and nylon 12; polyvinyl chloride; and polyvinylidene chlo- 
ride. 

Coating of the thermoplastic resin on the metal sheet can 40 
be carried out by a heat-melting method, dry lamination and 
an extrusion coating method. When adhesiveness (heat- 
melting property) between the coated resin and the metal 
sheet is poor, it is possible to interpose a urethane-type 
adhesive, an epoxy-type adhesive, an acid-modified olefin 45 
resin-type adhesive, a copolyamide-type adhesive, and a 
copolyester-type adhesive. 

The thickness of the thermoplastic resin is generally 3 to 
50 micron (wm), especially 5 to 40 micron. In the case of 
heat-melting using a fikn, the film may be unstretched or 50 
stretched. 

An especially preferred film may be produced by molding 
a polyester composed of an ethylene terephthalate as a main 
unit into a film by a film-forming method such as a T-die 
method or an inflation film-forming method, biaxially 55 
stretching the film successively or simultaneously at a 
stretching temperature of the film, and heat-setting the 
streched fikn. 

As a starting polyester, polyethylene terephthalate can be 
used under markedly restricted stretching, heat-setting and 60 
laminating conditions. It is desirable that the maximum 
degree of crystallization to which the film can reach is 
decreased in view of impact resistance or processability. To 
achieve this end, it is desirable to introduce a copolymer 
ester unit other than ethylene terephthalate into the polyes- 65 
ter. It is especially preferred to use a biaxially stretched film 
of a copolymerized polyester containing an ethylene tereph- 
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thalate unit as a main component and containing a small 
amount of another ester unit and having a melting point of 
210 to 252^ C. The melting point of homopolyethylene 
terephthalate is generally 255 to 265° C. 

The used copolyester should have a molecular weight 
sufficient for forming a film. For this purpose, the copoly- 
ester desirably have an intrinsic viscosity (I. V.) of 0.55 to 
1.9 dl/g, especially 0.65 to 1,4 dl/g. 

An adhesive primer provided as desired between the 
polyester film and the metal blank shows an excellent 
adhesiveness to both of the film and the metal blank. Typical 
examples of the primer paint having excellent intimate 
adhesiveness and corrosion resistance include phenol epoxy 
type paints composed of resol-type phenol aldehyde resins 
derived from various phenols and formaldehyde, and 
bisphenol-type epoxy resin, especially paints composed of 
phenol resins and epoxy resins in a weight ratio of 50:50 to 
5:95, especially in a weight ratio of 40:60 to 10:90. 

The adhesive primer layer may be provided in a thickness 
of 0.3 to 5 micron. The adhesive primer layer may be 
provided on a metal blank or on a polyester film in advance. 

Molding into a metal cup container may be carried out by 
any known means so that the side wall portion may be 
reduced in thickness. For example, it is carried out by a 
draw-redraw-ironing processing, a draw-bending-redraw 
forming and a draw-bending-ironing processing. 

For example, according to a deep draw-bending molding 
(draw-bending-redraw molding), a pre-drawn cup molded 
from the coated metal sheet is held by an annular holding 
member inserted in the cup and a redraw die positioned 
below the above holding member. Coaxially with the hold- 
ing member and the redraw die, the redraw is arranged so 
that it can go into and out of the holding member. The 
redraw punch and the redraw die are relatively moved so that 
they bite with each other. 

The side wall portion of the pre-drawn cup starts from the 
outer peripheral surface of the annular holding member, 
passes through a portion defined by the annular bottom 
surface of the annidar holding member bent diametrically 
and perpendicularly and the upper surface of the redraw die 
via a curvature comer portion, is bent perpendicularly in an 
axial direction by the acting comer portion of the redraw die, 
and can be molded into a deep drawn cup having a smaller 
diameter than the pre-drawn cup. 

The radius of curvature (Rd) of the acting comer portion 
of the redraw die is adjusted to 1 to 2.9 times, especially 1.5 
to 2.9 times, the thickness of a metal sheet blank (tB), 
whereby thickness reduction can be effectively carried out 
by the bending and pulling of the side wall portion. In 
addition, variations in thickness between a lower portion and 
an upper portion of the side wall portion are dissolved, and 
uniform thickness reduction becomes possible on the whole. 
Generally, the side wall portion can be thickness-reduced so 
that a thickness-reduction rate (R) defined by the following 
formula is adjusted to 5 to 45%, especially 5 to 40%. 

„ tB-tW 

/?- r— XlOO 

tB 

wherein tB is the thickness of the blank, and tw is the 
thickness of of the side wall portion. 

In the case of a deep drawn can, the draw ratio (RD) 
defined by the following formula is 1.1 to 3.0 in a first step, 
and 1.5 to 5.0 as a total. 
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ity to oxygen to containeis formed, a gas barrier resin or an 

D aluminum foil or a steel foil may be assembled in a multi- 

~ d layer structure. 

A gas barrier resin may generally have an oxygen per- 
wherein D is the diameter of a laminate material, and d is ^ meabUity coefficient (PO^) of 5 SxlO'^^ cc.cm/cm^^.cm 
the diameter of a punch. or below, especially 4.5x10"^^ cc.cm/cm^.sec.cm Hg or 
An ironing die is provided rearwardly of redraw process- below. The barrier resin may be an ethylene-vinyl alcohol 
ing or bending-redraw processing, and the side wall portion copolymer having an ethylene content of 20 to 50 mole % 
can be thickness-reduced so that the thickness-reduction rate and an unsaponified vinyl ester residue content of not larger 
including ironing processing becomes 5 to 70%, especially than 5 mole %, and a homopolyamide, a copolyamide or a 
10 to 60%. blend thereof containing 3 to 30, especially 4 to 25, of amide 
(2) Plastic Packaging Containers groups per 100 of carbon atoms. Of course, the above- 
Examples of the plastic packaging containers include a mentioned ethylene-vinyl alcohol copolymer and the polya- 
bottle, a cup, a tube, a plastic can, a pouch and a cap. niide may be used in the form of a blend. Within the range 
Molding into plastic containers may be carried out by is which does not impede the essence of the resin, for example 
using an extruder and an injection molding machine. As the ^ ^ot larger than 20% by weight of another 
extmder, extruders equipped with any screws may be pref- thermoplastic resin such as a resin for imparting adhesive- 
crably used As the dies, a flat die and a nng die may be used. ^^^^^^ polyolefins may be used as a blend. These gas 
In the molding of films, a T-die method and an mflation ^^^^ ^^^^ ^^/j^ j^^^ ^ ^ 1 ^^^^ 

ulm-formmg method may be used. By hollow moldmg of an .l- i i- •r.t. • i. i. 

^^tr^.A^A lA^A «.«u «c with the entire thickness. Even if these resins have absorp- 

extruded panson, noUow-molded containers such as bottles, ... « 

tubes and tanks may be produced. "^^^^^ ^^6*°°' ^^^""^ 

As the injection molding machines, known molding To substitute for the intermediate layer, or together with 
machines provided with an injection plunger or a screw may the above intermediate layer, a resin layer containing an 
be used. The above-mentioned plastics are injected into an oxygen absorbing agent or a resin layer containing a dryer 
injection mold through a nozzle, a sprue and a gate whereby may be provided as an intermediate layer. Furthermore, to 
the resin flows into an injection cavity and is cooled and re-use a regrind (scrap resin), it may be used as an inter- 
solidified to become a preform for a molding container or a mediate layer. 

stretch blowing molding. , ^ . The coating layer or the printing ink layer may be direcQy 

As the plastics constituUng the containers, an olefin resm, ^^y^ ^^^^ ^^j^ containers. TTie appUcation 

\SriL'^d ' ' ^^^"^ ' polycarbonate are 30 ^^^^^^ ^^^^^ ^^^.^^ ^ ^^^^^ ^^^^^^ 

^'ExampkHf the olefin resin include low-, medium- or ^^^^f^ °° '^f"^^^ ^^^J"^ °?f^°g' 

high^ensity polyethylene (LDPE, MDPE, HDPE), isotactic "^^"g ^^^^^ ^^^^ ^^^8* 

polypropylene (PP), linear low-density polyethylene [Application and curing] 

(LLDPE), ethylene-propylene copolymer, polybutene-1, 35 Coating of ultraviolet ray-curable paint, such as an under- 

ethylene-butene-1 copolymer, propylene-butene-1 coat of white coat, est., may be performed by using a gravure 

copolymer, ethylene-propylene-butene-1 copolymer, roll, or an ordinary coating roll. The coating thickness of 

ethylene-vinyl acetate copolymer, ionically crosslinked ole- white coat is generally in a range of 3 to 20 micron, 

fin copolymers (ionomers), ethylene-acrylic acid ester On the other hand, the ultraviolet ray-curable ink may be 

copolymer, and blends of these polymers. It is the advantage 40 printed by a known can-making printing method such as 

of this invention that coatings or printing can be applied to oflset printing, lithography, gravure printing and screen 

resins having a low melting point such as linear low-density printing. 

polyethylene. . , , , , When two layers of a printing ink layer and a finishing 

Examples of the polyester include polyesters such as ^^^^^ ^ .^^ ^„ , ^^^^ ^ ^ 

polye hylene terephthalate (PET), polybutylene 45 ^^t-on-wet relation and these are subjected to ultraviolet 

terephthalate, polye hylene naphthalate and ethylene ^^ ^ ^^^^e. 

terephthalate/isophthaiate copolymer and blends of such ^ . . . .... 

When three layers of a white coat layer a pnntmg ink 

On'the other hand, examples of the polyamide include l^y?^ a finishing varnish layer arc provided, at first, the 

nylon 6 (N6), nylon 6,6 (N6,6), nylon 11 and nylon 12; 50 "^^'^f «>*^ layer is formed and ciired and then the prinbng 

copolyamides such as nylon 6/6,6; and blends of at least two ^»y«^ ^^^^^^S .^^^^^^ ^^^^ ^.^ ^"""^^"^ }° » 

of the above polyamides wet-on-wet relation and both layers are subjected to ultra- 

As polycarbonate (PC), polycarbonates from bis phenols ^^^^^^ ^"^^ ^ 

such as bisphenol A or F, and polycarbonate Z may be used. Ultraviolet rays used to cure the ink layer are rays which 

Plastic containers or webs for forming pouches may be a 55 include a near ultraviolet region and generaUy have a 
single layer plastic container or web, or a multilayer plastic wavelength of 200 to 440 mm, especiaUy 240 to 420 nm. A 
container or web. For example, they may be a laminate halide lamp, a high-pressure mercury lamp, and a low- 
composed of the same resins composed of a linear low- pressure mercury lamp are used as an ultraviolet light 
density polyethylene as an outside surface layer and a source. Since the thickness of the ink layer or the finishing 
high-density polyethylene or isotactic polypropylene as an 60 varnish layer is extremely small, it is an advantage that the 
inner layer, or a laminate composed of different types of energy required for curing may be small. An energy of 500 
resins such as an olefin resin and a polyester or a polyamide. ^ 5000 joule/m^ is generally suflScient. 
Of course, the above molded article or web is not limited to The coating layer and the printing ink layer after irradia- 
a two layer combination, and it may be composed of tion of ultraviolet rays, as desired, are heated at a tempera- 
multilayers or three or four layers or more. 65 ture of 30 to 80" C. whereby distortions are removed and 

These plastic containers or webs may include other plas- post-curing is carried out. Of course, this operation is 

tics or metal foils. For example, to impart gas impermeabil- arbitrary. 
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EXAMPLES result was evaluated by the ease of peeling at the time 

The present invention wiU be described in detail by the winding off. 

following Examples. (^) Color of a coated portion and a printed potion: Evaluated 

[Production of initiators] by seeing with eyes to determine whether the yellowish 

(1) 2-NaphthyM-ethoxycarbonylethylmethylsulfonium 5 color was within the acceptable range, 
hexafluorophosphonate (catalyst 1) (5) Heat-resistant treatability: A gloss down and a surface 

2-Naphthyl-l-ethoxycarbonylethylsulfide (27.64 g) was roughening of a coated film cured with ultraviolet rays 

mixed with 13.24 g of dimethylsulfuric acid and the mixture were detected by examination of seeing with eyes when 

was reacted at 80° C. for 10 hours. The reaction product was the film was heat-treated in a production step of the 

dissolved in 300 ml of distilled water and 100 ml of ethyl lo container. 

acetate. The solution was stirred, and the aqueous solution (g) Retorting treatment: 125° C.-30 minutes retorting with 

layer was taken out, and 18.41 g of potassium hexafluoro- vapor. In the case of a metal can, whiteness, blister and 

phosphate and 300 ml of ethyl acetate were added to the ^^^^ ^^^^ ^^e coated film by retorting were evaluated 

aqueous solution layer. The solution was stirred vigorously^ case of a pouch, the result was evaluated 

The ethyl acetate layer was washed with 100 ml of distilled ^ ^^^^ ^^^^^ delamination. 
water two times, fhe water of the ethyl acetate layer was 

removed with anhydrous magnesium sulfate. Then, ethyl Example 1 
acetate was evaporated, followed by drying at 40° C. under 

reduced pressure to give the desired product. To both surfaces of a tin-free steel sheet having a blank 

(2) 2-Naphthyi-l-methoxycarbonylethyhnethyL5ufonium thickness of 0,18 mm and a tempering degree of DR-9 (as 
hexafluorophosphonate (catalyst 2) ^° surface treated coated amount, the amount of metallic 

2-Naphthyl-l-methoxycarbonylethylsulfide (24.63 g) was chrome 120 mg/m^, the amount of chromium oxide 15 
mixed with 13.24 gofdimethylsulfuric acid, and the mixture mg/m^). a biaxially stretched polyethylene terephthalate/ 
was reacted at 80° C. for 10 hours. The reaction product was isophthalate copolymerized film having a thickness of 20 
dissolved in 300 ml of distilled water and 100 ml of ethyl micron was heat-adhered simultaneously at both surfaces, 
acetate. The mixture was stirred, and the aqueous solution 25 and immediately cooled with water to form an organic 
layer was taken out. Potassium hexafluorophosphate (18.41 coated metal sheet. The organic coated metal sheet was 
g) and 300 ml of ethyl acetate were added to the aqueous coated with parafiGn wax uniformly, and punched into a 
solution layer, and the mixture was vigorously stirred. The circular sheet having a diameter of 160 mm, and molded into 
ethyl acetate layer was washed twice with 100 ml of distHled ^ ^haUow drawn cup in accordance with a customary man- 
water The water of the ethyl acetate layer was removed with 30 ^^r. The draw ratio in this drawing step was 1 .59. 
anhydrous magnesium sulfate, and then ethyl acetate was on-unj u--*j* ■ j 
evaporated, followed by drying at 40' C. under reduced shaUow drawn cup was subjected to a pnmao^ and 
preLr^ to give the desired pr<iiuct. redraw formations to obtain a Uuckness-ieduced 

(3) 2-Naphthy-l-ethoxycart,onylp,opylmcthylsulfonium ^ con- 

hexafluorophosphonate (catalyst 3) 35 '^'""'^ ^^f. P™P«"f '^-f 

o KT 1 1 41, u 1 1 ifij /oTyiyi \ rc-draw formation arc showu faclow. 
2-Naphthyl-l-ethoxycarbonylpropylsulnde (27.44 g) was 

mixed with 13.24 g of dimethylsulfuric acid, and the mixture 

was reacted at 80° C. for 10 hours. The reaction product was 

dissolved in 300 ml of distillled water and 100 ml of ethyl 

acetate, the solution was stirred to take out the aqueous 4q 

solution layer. Potassium hexafluorophosphonate (18.41 g) 

and 300 ml of ethyl acetate were added to the aqueous 

solution layer, and the mixture was stirred vigorously. The 

ethyl acetate layer was washed twice with 100 ml of distilled 

water, the water of the ethyl acetate layer was removed with 45 

anhydrous magnesium sulfate, and the ethyl acetate was 

evaporated, followed by drying at 40** C. under reduced 

pressure lo give the desired product. Thereafter, the cup was subjected to a dome molding by 

[Production of a paint and ink] a fixed method, and the deep drawn cup was heat-treated at 

In accordance with the composition described in Table 1, 50 215** C. for 1 minute to remove processing distortions of the 

an ahcyclic epoxy resin, a reactive diluent, an initiator film and evaporate the lubricant. Then, the edge of the 

composition and titanium dioxide, etc, were mixed, and opening end portion was cut off to give a thickness-reduced 

fully kneaded by a 3 roll system to prepare a paint and an deep-drawn can having a height of 123 mm. 

This thickness-reduced deep-drawn can was coated with 

[Method of evaluating the properties of a coated film] 55 paint A to give a fihn thickness of 10 micron, and the fihn 

(1) Curabihty: Presence or absence of a tacky feeling was cured by irradiating ultraviolet rays having 500 mJ/cm^ 
through examination by touch. (using a photometer corresponding to a gaUium lamp) with 

(2) Transferability: After a packaging container is trans- the gaUium lamp having an output of 240 W/cm. The 
ferred in an ordinary hne, the injury of a coating cured by amount of titanium dioxide contained in the white coated 
uluraviolet rays, and the state of peeling were evaluated by fihn was 0.67 mg/cm^ per unit area of the coated film. The 
seeing with eyes. cured coated fihn did not have a tack, nor had a problem in 

(3) Blocking property: color such as strong yellowish color. Then, lo print on a 

(i) Metal sheet; 1000 coated metal sheets were piled, and while-coaled can, the can was transferred through an ordi- 
after standing for one day at 50* C, the result was nary line from the coaler to the printer. The injury or peeling 
evaluated by the ease of peeling of the sheets, 65 of the white coaled film due lo contact wilh the guide and 

(ii) Film: The printed film was wound up through 1000 m, contact with the can lo the can was not seen. According lo 
and after standing for one day at room temperature, the a customary procedure, a heat-curable ink and a thermoset- 
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ting finishing varnish were printed and baked on the can, and 
further the can was subjected to a neck-in molding. Then, the 
can was packed with water, and a closure was seamed and 
was subjected to retoring treatment. The can had good 
retorting resistanace. 

Example 2 

The can was evaluated in the same way as in Example 1 
except that Paint B was coated so that the thickness of the 
coated film bad 6 micron. In the same way as in Example 1, 
the coated film had good curability, color, transferability, 
heat-resistant treatment and retorting resistance. In this case, 
the amount of titanium dioxide contained in the white coated 
film was 0.40 mg/cm^ per unit area of the coated film. 

Example 3 

The can was evaluated in the same way as in Example 1 
except that Paint C was coated. In the same way as in 
Example 1, the coated film had good curability, color, 
transferability, heat-resistant treatment and retorting resis- 
tance. In this case, the amount of titanium dioxide contained 
in the white coated film was 0.67 mg/cm^ per unit area of the 
coated fihn. 

Example 4 

The can was evaluated in the same way as in Example 1 
except that Paint D was coated. In the same way as in 
Example 1, the coated film had good curability, color, 
transferability, heat-resistant treatment and retorting resis- 
tance. In this case, the amount of titanium dioxide contained 
in the white coated film was 0.67 mg/cm^ per unit area of the 
coated film. 

Comparative Example 1 

The can was evaluated in the same way as in Example 1 
except that Paint F was coated. Since the amount of the 
photo-cationic-curing resin was lower than the range of this 
invention and was less than 1% by weight based on titanium 
dioxide, suffient curability could not be obtained. The cured 
coated film was in an almost uncured state. 

Comparative Example 2 

The can was evaluated in the same way as in Example 1 
except that Paint G was coated. Since the amount of the 
photo-cationiccuring catalyst exceeds the range of the 
invention, there was no problem with respect to curability 
and transferability. In baking after the printing, surface 
roughening was recognized. However, gloss down, whiten- 
ing and blister due to retorting did not occur. 

Comparative Example 3 

The can was evaluated in the same way as in Example 1 
except that Paint H was coated. Since the amount of the 
sensitizer was lower than the range of this invention and was 
less than 1% by weight based on titanium dioxide, sufficient 
curing could not be obtained, and the cured coated film had 
a tack. The injury or peeling of the coated film was marked 
by contacting between cans during transferability in the 
printing step. In the baking after the printing, gloss down 
occurred. However, by the effect of the thermosetting prop- 
erty of the photo-cationic-curing catalyst, there was no 
occurrence of gloss down, whitening and blister due to 
retorting. 

Comparative Example 4 

Hie can was evaluated in the same way as in Example 1 
except that Paint I was used. Since the amount of the 
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sensitizer exceeded the range of this invention and was 
larger than 5% by weight based on titanium dioxide, the 
white coated film was yellowish and had a very poor outside 
appearance. 

5 

Comparative Example 5 

The can was evaluated in the same way as in Example 1 
except that Paint K was coated. Since the amount of the 
sensitizer exceeded the range of this invention and was 
larger than 5% by weight based on titanium dioxide, the 
white coated fikn was yellowish and had a very poor outside 
appearance. 

Example 5 

A tinplate having a blank thickness of 0.245 mm, a temper 
degree of 4 and a spefication of E 2.8/2.8 was punched into 
a circular plate having a diameter of 142 mm, and the 
circular tinplate was molded into a cup at a draw ratio of 1.6 
and was subjected to steps of re-draw formation (draw ratio 
of 1.3) and ironing molding (3 steps, a total reduction 67%), 
and molded into a drawn and ironed cup having an inside 
diameter of 66 mm . This drawn and ironed cup was cut at the 
edge of an opening end portion so that its height became 123 

25 mm. By a customary manner, the cup was washed, treated 
and dried to obtain a drawn-ironed can. 

This drawn-ironed can was coated with Paint E to form a 
film having 8 micron, and the coated film was cured by 
irradiating ultraviolet rays of 500 mJ/cm^ (using a photom- 

30 eter corresponding to a gallium lamp) by using the gallium 
lamp having an output of 240 W/cm. The amount of titanium 
dioxide contained in the white coated film was 0.54 mg/cm^ 
per unit area of the coated film. The cured film did not have 
a tack, and there was no problem in color such as a strong 

35 yellowish shade. Thereafter, to print the white coated can, 
the can was transferred through an ordinary line fi"om the 
coater to the printer, but the injury or peeling of the white 
coated film due to the contact with the guide or cans with 
each other was not seen. According to a customary method, 

40 the can was printed and baked by using a thermosetting ink 
and a heat-setting finishing varnish, and then the inner 
surface of the printed can was sprayed and again baked. 
When the baked outside surface of the can was compared 
with the state before baking, no problem such as gloss down 

45 due to the lack of curing of the white coated film was seen. 
Thereafter, this can was subjected to a neck-in molding, and 
the can was packed with sodium bicarbonate and water, and 
a closure was seamed on the can and the can was retorted. 
The can had good retorting resistance. 

Example 6 

Both surfaces of a tin-free steel sheet having a blank 
thickness of 0.22 mm and a tempering degree of T4CA and 
having a vertical size of about 1 m and a width of about 1 

55 m (as a surface-coated amount, the amount of metallic 
chrome of 120 mg/m^ and the amount of chromium oxide of 
15 mg/m^) were coated with an epoxyphenol-type thermo- 
setting paint, and the coated film was baked. Then, the 
outside surface of the can of the coated sheet was coated 

60 with Paint A with a film thickness of 10 micron, and the 
coated film was cured by irradiating uhraviolet rays having 
500 mj/cm^ (using a photometer corresponding to a gallium 
lamp) with the gallium lamp having an output of 240 W/cm. 
The amount of titanium dioxide contained in the white 

65 coated film was 0.67 mg/cm^ per unit area of the coated film. 
With respect to the cured coated film did not have a problem 
of a tack, yellowishness, and blocking. Furthermore, print- 
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ing was carried out on the white coated fihn by a sheet-fed amount of titanium dioxide contained in the white coated 

press using a thermosetting ink and a heat-curable finishing fihn was 0.79 mg/cm^ per unit area of the coated film. The 

varnish, but there was no injury or peeling on the white cured film had no tack, nor had a problem of color such as 

coated film on an outiside surface due to the transfenring of strong yellowishness. The plastic bottle after printing was 

the sheet. Furthermore, no gloss down was seen due to 5 put into an exclusive carton of corrugated board, and a 

baking. Then, the printed sheet was cut by a customary transportation test was carried out using a truck. However, 

method, and by using a nylon-type adhesive, a can body for no injury or peeling of the inked coated film was noted. The 

a cylindrical adhesion can was formed. Furthermore, neck-in bottle showed a good quality, 
molding was carried out at both ends of the cylinder, and a 

bottom closure was seamed to a side which would become lo Example 8 
a bottom portion. Thereafter, the bottom -equipped adhesion 

can was packed with water, and a top closure was seamed to ^ ^as printed to a biaxially stretched polyethylene 

perform retorting treatment. The retorting resistance was terephthalate film having a thickness of 12 micron corona 

gQod. treated on a side of a printed surface so that a fihn thickness 

j5 of 5 micron was obtained. The coated film was cured by 

Comparative Example 6 irradiating ultraviolet rays having 200 mJ/cm^ (using a 

photometer corresponding to a gallium lamp) with the 

The sheet and the can were evaluated in the same way as gallium lamp having an output of 240 W/cm. In this case, the 

m Example 6 except that Pamt J was coated. Smce the amount of titanium dioxide contained in the white coated 

amount of the sensitizer was lower than the range of this ^as 0.43 mg/cm^ per unit area of the coated film. The 

invention and was less than 1% by weight based on titanium cured film had no tack, nor a problem of color such as a 

dioxide, sufficient curing could not be obtained, and the strong yellowishness. The blocking property of the film was 

coated sheet caused blocking and had much injury or peehng evaluated, but there was no particular problem. The film was 

during transfer. Furthermore, gloss down occurred during ^^^^^ y^^^ ^ aluminum foil having a thickness of 7 micron 

baking after the printing. However, there was no gloss down, by using a urclhane-type adhesive so that the side of the 

whitening and bUster due to retorting by the effect of the panted surface of the printed film would become an alumi- 

thennosetting property of the photo^ationic-curing catalyst. num foil side. On the other surface of this aluminum foil, a 

polypropylene film having a thickness of 50 micron was 

example / pasted with an ordinary method as an inner surface material 

High-density polyethylene pellets were inserted in an 30 ^^e container. The prepared three-layer laminated body 

extruder, melted and kneaded, and then, a pipe-shaped was cut, and by heat-sealing, a bag having an opening end 

product (called "parison") having a diameter of 20 mm was only on one side was prepared. This bag was packed with 

prepared within a die head at the end of the extruder. This water, the opening end is heat-sealed, and the bag was 

parison was inserted in a split mold, a parison portion treated by retorting. A problem of delamination due to the 

corresponding to the bottom portion was melted, air was 35 curing insufficiency of the ink was not at all recognized, and 

blown, and the melted parison portion was cooled and goo^ retorting resistance was shown, 

solidified in the mold and taken out from the mold. An Table 2 shows the evaluation results mentioned in 

unnecessary burr was removed to give a mouth-containing Examples and Comparative Examples. The results are 

cylindrical plastic bottle. The outside surface of this bottle expressed by die following items, 

was frame-treated, and an ink A as printed to form a coating 40 q. ^qq^j 

thickness of 18 micron, and the coated film was cured by a i * h i k ^ 

irradiating ultraviolet rays having 500 mj/cm^ (using a ^' shghtly bad 

photometer corresponding to a gallium lamp) with the X: bad 

gallium lamp having an output of 240 W/cm. In this case, the — : not evaluated 

TABLE 1 

Ink 

Coating composition composition 
Components ABCDEFGHI JKAB 



(1) 


3,4-cpoxycyclohcxylmethyl- 
3,4-epoxycydohexylcarboxyIatc 


40 


40 


40 


40 


40 


40 


40 


40 


40 


40 


40 


45 


50 


(2) 


limonen dioxide 


3 


3 


3 


3 


3 


3 


3 


3 


3 


3 


3 






(3) 


bisphenol F-type epoxy resin 
(epoxy equivalent 4300) 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 






(4) 


hydroxybutylvinylclhcr 


5 


5 


5 


5 


5 


5 


5 


5 


5 


5 


5 






(5) 


hexanediolmonovinylether 
























5 




(6) 


cpoxidized polybutadiene 
























10 




(7) 


catalyst I 


2 






2 


1 


0.3 


10 


2 


2 


2 


2 


3 


2 


(8) 


catalyst 2 




2 
























(9) 


catalyst 3 






2 






















(10) 


(2,4-diethylthioxanthoiic 


1 


0.6 


1 




1.5 


2 


1 


0.3 


3 








1 


(11) 


isopropyl thioxanthone 
(2,4-isomeric mixture) 








2 












0.3 


3 


1 




(12) 


silicone resin 


0.05 


0.05 


0.0(5 


0.05 


0.05 


0.05 


0.05 


0.05 


0.05 


0.05 


0.05 






(13) 


polyethylene wax 


3 


3 


3 


3 


3 


3 


3 


3 


3 


3 


3 


3 
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Ink 

Coating compwition composition 



Con^onents 


A 


B 


C 


D 


E 


F 


G 


H 


I 


J 


K 


A 


B 


(14) lanoline wax 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


(15) dispersing agent 


0.1 


0.1 


0.1 


0.1 


0.1 


0.1 


0.1 


0.1 


0.1 


0.1 


0.1 


0.1 


0.1 


(1^ rutile-typc titanium dioxide 


40 


40 


40 


40 


40 


40 


40 


40 


40 


40 


40 


30 


50 


(1*^ silica fine powder 
























10 





TABLE 2 









Weight % of 


















photo- 


Weight 














Amount of 


cationic- 


%of 














titanium 


curing 


sensitizer 






Results of evaluation 








dioxide 


catalyst when 


when the 










Painte 




per unit 


the weight of 


weight of 








Heat- 


Examples and 




area of the 


titanium 


titanium 




Color 




resistant 


and inks 


Containers 


coated film 


dioxide 


dioxide 


Cur- 


of the UV- 


Trans- Blocking 


treat- Retorting 


Comp. Ex. applied 


applied 




was 100% 


was 100% 


ability 


cured film 


ferability resistance 


ability resistance 



Ex.1 


paint A 


Thickness- 
reduced deep 
drawn can 


0.67 


5 


Ex.2 


paint B 


Thickness- 


0.40 


5 




reduced deep 
drawn can 






Ex.3 


paint C 


Thickness- 


0.67 


5 




reduced deep 
drawn can 






Ex.4 


paint D 


Thickness- 


0.67 


5 




reduced deep 
drawn can 






Ex.5 


paint E 


Drawn and 
ironed can 


0.54 


2.5 


Ex.6 


paint A 


Adhesion can 


0.67 


5 




(3-piece can) 






Ex.7 


ink A 


Plastic bottle 


0.79 


10 


Ex.8 


inkB 


Pouch 


0.43 


4 


Comp.Exl 


paint F 


Thickness- 
reduced deep 
drawn can 


0.67 


0.75 


Comp.Ex2 


paint G 


Thickness- 
reduced deep 
drawn can 


0.67 


25 


Comp.Ex3 


paint H 


Thickness- 
reduced deep 
drawn can 


0.67 


5 


Comp.Ex4 


paint I 


Thickness- 
reduced deep 
drawn can 


0.67 


5 


Comp.ExS 


paint K 


Thickness- 
reduced deep 
drawn can 


0.67 


5 


Comp.Ex6 


paint J 


Adhesion can 
(3-pieoe can) 


0.67 


5 



2.5 


0 


0 


O 




o 


o 


1.5 


0 


0 


O 




0 




2.5 


0 


0 


0 




o 




5 


0 


0 


o 




0 




3.75 


0 


0 


o 




0 




2,5 


o 


o 


o 


o 


0 




3.3 


0 


o 


o 








2 


0 


0 


o 


o 




o 


5 


X 


0 




Evaluation impossible 












because of poor 












curability 




2.5 


o 


o 


o 




A 


o 


0.75 


A 


0 


X 




X 


0 


7.5 


0 


X 


o 




0 


0 






strong 














yellowness 










7.5 


0 


X 


o 




o 


0 






strong 














yellowness 










0.75 


A 


0 


X 


X 


X 


o 
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What is claimed is: 

1. A packaging container having, on the outer surface, a 
coating layer of a resin composition which comprises 




S* CHCOOR3 



(A) a cationic curable resin comprising an alicyclic epoxy 
resin, 

(B) a photo-cationic-curing catalyst comprising a com- 
pound of the following formula (1), 



wherein each of and is an alkyl group, and they 
65 may be the same or different, and Rs is an alkyl group, 

(C) a sensitizer comprising a thioxanthone sensitizer, and 

(D) a pigment comprising titaniiun dioxide. 
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said resiD compositioo being cured by ultraviolet ray, 
wherein 

the amount of said titanium dioxide is at least 0.30 mg per 

1 cm^ of said coating layer, 
the amount of said photo-cationic-curing catalyst is 1 to 

20% by weight with regards to said titanium dioxide, 

and 

the amount of said sensitizer is 1.5 to 5% by weight with 
regards to said titanium dioxide. 

2. A packaging container according to claim 1, wherein 
the pholo-cationic-curing catalyst is 2-naphthyI-l- 
ethoxycarbonylethylmethylsulfonium 
hexafluorophosphonate, 2-naphthyl-l- 
methoxycarbonylethylmethylsulfonium 
hexafluorophosphonate, or 2-naphthyl- 1- 
ethoxycarbonylpropylmethylsufonium hexafluorophospho- 
nate. 

3. A packaging container according to claim 1 or 2, 
wherein the container is a can composed of a metallic 
material. 

4. A packaging container according to claim 1 or 2, 
wherein the container is a bottle composed of a thermoplas- 
tic resin. 

5. A packaging container according to claim 1 or 2, 
wherein the container is a pouch composed of a thermo- 
plastic resin laminate or a thermoplastic resin-metal foil 
laminate. 

6. A container closure having, on the outer surface, a 

coating layer of a resin composition which comprises 

(A) a cationic curable resin comprising an alicyclic epoxy 
resin, 

(B) a photo-cationic-curing catalyst comprising a com- 
pound of the following formula (1), 



10 



IS 



20 



25 



l^'^^^^^V"^^^*^*! — s* — CHC00R3 



?2 



wherein each of and R2 is an alkyl group, and they 
may be the same or different, and R3 is an alkyl group, 

(C) a sensitizer comprising thioxanthone sensitizer, and 

(D) a pigment comprising titanium dioxide, 
said resin composition being cured by ultraviolet ray, 
wherein 

the amount of said titanium dioxide is at least 0.30 mg per 

1 cm^ of said coating layer, 
the amount of said photo-cationic-curing catalyst is 1 to 
20% by weight with regards to said titanium dioxide, 

and 

the amount of said sensitizer is 1.5 to 5% by weight with 
regards to said titanium dioxide. 

7. A container closure according to claim 6, wherein the 
photo-cationic-curing catalyst is 2-naphthyl-l- 
ethoxycarbonylethylmethylsulfonium 
hexafluorophosphonate, 2-naphthyl - 1 - 
methoxycarbonylethylmethylsulfonium 
hexafluorophosphonate, or 2-naphthyl- 1 • 
ethoxycarbonylpropylmethylsulfonium hexafluorophospho- 
nate. 

8. A container closure according to claim 6 or 7, wherein 
the container closure is a closure composed of a metallic 
material. 

9. A container closure according to claim 6 or 7, wherein 
the container closure is a closure composed of a thermo- 
plastic resin. 

35 
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fnlly aqueous base. The resuljting developed image had 

rosmVE WOIUONG DRY niAf ELEMENT ragged edges. 

HAVING A LAYER OF RESIST COMPOSITION The production of printed circuits using a variety of 

resbts is described in "Printed Circuits Handbook" 

FIELD OF THE INVENTION 5 edited by Clyde F. Coombs, Second Edition, published 

. , ■ .. byMcGraw-Hill, Inc., 1979. Chapter 6 of this publica- 

Ttosmvention rdates to positive workmg r«:st com- ^ ^ negative-working and 

positions havmg utility in dry film photoresists and to photoresists in the preparation of 

fuUy aqueous processes for developmg and stnppmg circuits. In particular, section 14 of this chapter 

10 discusses conventional positiye-worldng liquid pbotore- 

BACKGROUND OF THE INVENTION sists and section 16 discusses conventional coating 

„ J ... , . . , . , • 1.. 1. methods for applying siich photoresists to printed cir- 

Modem hgh re«)lution photoresists require high ^^.^ substrates Likewise, the production of printed 

photospeed for productivity, supenor image mtegnty, ^^j^^ . ^otoresUts is described in "Photoresist 

and fully aqueous development and stnpping. AH aque- , j i^^riab and Processes" by W. S. DeForcst published 

ous processmg is needed because the organic solvents ^ McGraw-Hill Book Company, 1975. In particular, 

that have been used m the past are bang replaced be- chapter 5 of this publication discusses conventional 

cause of increasingly demanding envuonmental restnc- ^ processes of tbetruse to manu- 

&cture printed circuits. 

In U.S. Pat No. 3,779,778, novel photosolubilizable ^ y g 3,469,982 discloses a process for fonn- 
compositioiis are disclosed that compromise 1) a water- * ^ photoresist comprising (1) applymg to a surface 
insoluble compound contaimng one or more acid- thesurfaceof a soKd unexposed photosensitive layer of 
degradable groups, and 2), a photoinitiator compnsmg a thermoplastic photohardenable material, the other sur- 
photolyzable add progenitor. The useful water-insolu- adhered to a film support, then in either 
ble compounds can contain one or more acid-degrada- ^5 order (2) exposing the layer, and (3) stripping the 8\q)- 
bie linkage which can be formed by the' nucleophilic ^^^^ cashing away the unexposed areas of 
reaction of phenols, N-alkyl arylsulfonamides, or cer- j^ygy jjjg surface bearing the resist can be etched, 
tain secondary amines with alkyl vinyl ethers, e.g. plated, or treated in other ways. The photoactive mate- 
methyl vinyl ether, ethyl vinyl ether or a dihydropyran. ^^j^ disclosed in this case are photopolymcrizable com- 

A dry film resist prepared according to this invention 30 pounds, 
from the tctrahydropyranyl ether of a phenolic resin Typical fully aqueous negative acting dry film photo- 
and a photoacid generator required a mixture of a flam- fc&lsts used in the process described in this invention are 
mable organic alcohol, potassium hydroxide and water described in Gilano, U.S. Pat. No. 3,887,450. They con- 
to develop away the exposed areas. tain alkali soluble carboxylic acid containing polymers 

European Patent Application 0 264 908 discloses 35 ^nd photocrosslinkable acrylic acid monomers. Such 
resists comprised ofat least one polymer, copolymer, or compositions are developable in aqueous alkali and 
terpolymer having recurrent acid labile groups pendant strippable in stronger aqueous alkali. However, they 
to the polymer backbone wherein the improvement have marginal resistance, if any, to alkaline processes 
comprises: selecting a substituent side chain on said acid ^y^ch as ammoniacal cupric chloride etchants or electro- 
labile groups which is capable of forming secondary 40 less copper plating baths which are typically used to 
carbonium ion intermediates and having an available fonn copper circuits. These negative acting coatings 
proton adjacent to the carisonium ion formed during cannot.be imagewise re-exposed with the same radiation 
cleavage. The autodecomposition temperature of the ^g^d to produce the original image and developed to 
polymer comprising the photoresist is increased, to a form a second image which could be used to modify the 
temperature greater than about 160^ C, by selecting 45 substrate a second time. 

substituent side chains on the acid labile group which a very useful property of negative acting dry fihn 

exhibit a less stable intermediate carbonium ion than the photoresists is the capacity to cover or *tent** over 

t-btttyl ion. holes in the substrate which need to be protected from 

In U.S. Pat No. 4,491,628, resists sensitive to UV, the reagents which are used to modify the substrate. For 

electron beam and x-ray radiation with positive or nega- 50 example, if there are plated holes in the substrate that 

tive toat upon proper choice of a developer are formu- will ultimately provide electrical contact between cir- 

lated from a polymer having recurrent pendant groups cuit traces on both sides of the circuit panel, they must 

such as tert-butyl ester or tert-butyl carbonate groups be protected during an etching operation that would be 

that undergo efficient acidolysis with concomitant used to form the circuit traces. The tents often require a 

changes in polarity (solubility) together with a photoini- 55 high level of exposure to crosslink thiem sufficiently so 

tiator which generates acid upon radiolysis. A sensitizer that they are not attacked by the alkaline development 

component that alters wavelength sensitivity of the process; that level of exposure is often too high for 

composition may also be added. The preferred acid optimum artwork reproduction, 

labile pendant groups are tert-butyl esters of carboxylic U.S. Pat No. 4, 193,797 discloses a positive active dry 

acids and tert-butyl carbonates of phenols but, it is un- 60 film process for forming a photoresist comprising (1) 

derstood that a wide range of acid labile groups are applying to a surface the surface of a solid unexposed 

operative in the invention. These include trityl, benzyl, photosensitive layer of thermoplastic photosoluble or 

benzhydryl modificati ns as well as thers well known photodensitizable material, the other surface being 

in the art releasedly adhered to a film support, then in either 

A dry film resist prepared according to this invention 65 order (2) exposing the layer to actinic radiation, and (3) 

from poly(tert-butyl acrylate) and a photoacid genera- removing the film support, and then (4) washing away 

tor required heating of the exposed image at lOOVC. for exposed areas f the layer to uncover areas of the un- 

up to 15 minutes in order to solubilize the polymer in derlying surface. The uncovered areas of the underly- 



03/22/2004, EAST Version: 1.4.1 



5,077,174 



ing surface can be etched, plated or therwise modified. 
The photoactive materials disclosed in this invention 
include photodesensitizable bisdiazonium salt composi- 
tions, which required solvent development, and 
photosolubilizable o-quinone-diazides. These suffer 
from inherently high optical density in anything but 
thin coatings and slow photospeed. The thin coatings 
described in this invention (0.35 mils) would hardly be 
useful in tyi^cal dry fihn resist processes like plating and iq 
tenting. 

The positive acting dry film resist compositions of the 
current invention are fully aqueous, have high photos- 
peed, do not require the use of high temperature bakes 
after exposure to solubilize the exposed image, can tent 15 
over holes in the substrate, and give high resolution 
images with good line quality. Properly formulated, the 
resist image can withstand both alkaline and acid etch- 
ing and plating processes typicaUy used to modify sub- ^ 
ttrates in the preparation of printed circuit boards. The 
resist image can then be blank exposed and stripped in 
aqueous alkali or re-exposed imagewise and developed 
so that the substrate can be modified a second time 
without the need to apply a second resist. 25 

The resist compositions of the instant invention con- 
tain thermally stable but add labile a-alkoxyalkyl esters 
of carboxylic adds, e.g., tetrahydropyranyl esters. 

J. £. Keams et al., J. Macromol. Sci.-Chem. A8(4), 
pp. 673-685 (1974) describe the preparation and dees- 
teriUcation of a number of polymers and copolymers of 
unsaturated tetrahydropyranyl esters. The utility of 
dihydropyran as a protecting group in the preparation 
of polymers containing other groups susceptible to nor- 3^ 
mal hydrolysis conditions is ascribed to the mild condi- 
tions required to remove the tetrahydropyranyl group 
from these esters. 

None of the prior art of which we are aware shows 
the use of the polymers of the present invention in dry 40 
film photoresist compositions. Moreover, none of the 
prior art of which we are aware discloses resist formula-- 
tions usable in dry film photoresists containing a poly- 
mer bearing recurring pendant acid labile groups that 
possess the structures disclosed in the present invention. 

SUMMARY OF THE INVENTION 

The present invention lies in resist formulations capa- 
ble of being used in dry film photoresist applications 
that contain polymers that possess recurring pendant 
add labile a-alkoxy alkyl carboxylic acid ester groups 
in the presence of an add generator activated by inci- 
dent radiant energy. 

The present invention provides a dry film photoresist SS 
element capable of developing a latent image without 
post exposure elevated temperature and developable to 
a resist image in an all aqueous alkali comprising a thin 
flexible polymeric film support having adhered thereto 
with low to moderate adherence a solid photosensitive 
layer having a thickness of about 0.3 mils (^8 microns) 
or greater said layer compr^g: 
(a) a polymer chosen from the group consisting of 
compositions having a polymer backbone and pen- 55 
dant acid-labile groups which are bound directly or 
indirectly to the polymer backbone, said pendant 
addlabile groups represented by the formula: 



45 



60 



C— O— C— C— R3R* 
I , 
OR' 



O R' H 

— C— O— (CH2)«— C6H4— O— C— CR3r* 
0R2 

where is hydrogen or lower alkyl (up to about 6 
carbon atoms); R^ is lower alkyl (op to about 6 
carbon atoms); and R^ and R^ independently are 
hydrogen or lower alkyl where the definition of 
lower alkyl includes the joining of R^ and R^ or R* 
and dther R^ or R^ or R2 and either R3 or R* to 
form a 5-, 6-, or 7-membered ring; 

(b) an initiator system comprismg an initiator or an 
initiator and at least one sensitizer, that forms upon 
exposure to actinic radiation having a wavelength 
between about 3000A and about 9000A, a catalytic 
amount of a strong add preferably having a pKa 
equal to or less than 2; and 

(c) optionally additives such as, but not limited to, 
pUffitidzers, colorants, adhesion promoters and 
surfactants. 

The present invention also provides a process for 
forming a positive photoresist on a surface whidi com- 
prises: 

a. applying to said surface the surface of a solid, unex- 
posed, photosensitive layer having a thickness of at 
least 0.3 mils (^^8 microns), said layer comprised of 
(a) a polymer chosen from the group consisting of 
compositions having a polymer backbone and pen- 
dant acid-labile groups which are bound directly or 
indirectly to the polymer backbone, said pendant 
addlabile groups represented by the formula: 



o R' H 
C-O— C— C— R^R* 
OR' 
or 

O R> H 

— C-0-(CH2)„— C6H4— O-C— CR3R* 
OR2 

where nBO-4; R} is hydrogen or lower alkyl (up to 
about 6 carbon atoms); R' is lower alkyl (up to 
about 6 carbon atoms); and R^ and R^ indepen- 
dently are hydrogen or lower alkyl where the defi- 
nition of lower alkyl includes the joining of R> and 
R2 or Ri and dther R^ or R*, or R' and either R3 or 
R^ to form a 5-, 6-, or 7-membered ring; (b) an 
initiator system that forms a catalytic amount of 
strong acid upon exposure t actinic radiation hav- 
ing a wavelength between about 3000A and about 
9OOOA; and (c) optionally, plasticizers, colorants 
and adhesion promoters, surfactants, the other sur- 
face of the layer having adhered thereto with low 
to moderate adherence a thin, flexible, polymeric 
film support; then in either order; 
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b. exposing the layer, imagewise, to actinic form an h. permanently modifying the adjacent areas on the 
linage; substrate surface which are unprotected by the 

c. stripping the film support from the resulting image- resist image by using a reagent capable of etching 
bearing layer; and tiien; said areas or depositing a material on said area; 

d. washing away the exposed areas of the layer to S i. soIubUizing the resist and stripping it from the sub- 
form a positive resist image; strate. 

resist image by using a reagent capable of etching un vcin i lkjch 

said areas or depositing a material on said areas; 10 This invention is based on the discovery that poly- 

and mers with pendant acid labile a-alkoxy alkyl esters of 

f. blank exposing the resist image and stripping it ciarboxylic acids or a-alkoxyalkyl ethers of 4-hydroxy- 

from the resist in aqueous alkali; benzyl esters can unexpectedly be made into stable high 

The invention further concerns a process for resolution fully aqueous developable positive acting dry 

a positive resist on a surface which process com- IS fihn photoresists which are capable of withstanding 

prises: both add and alkaline processes typically used in the 

a. applying to said surface the surface of a solid, unex- formation of printed circuits and have the capacity to 
pcsed, photosensitive layer having a thickness of at protect holes in the substrate by tenting them. 

least 0.3 mils (approximately 8 microns), said layer Tenting is the process of forming a pad of resist over 
comprised of (a) a polymer chosen from the group ^ a hole in the substrate. It is surprising that these uncross- 
consisting of compositions having a polymer back- linked positive re^ts would survive the hot alkaline 
bone and pendant acid-labile groups which are high pressure sprays typically used to develop dry film 
bound directly or indirectly to the polymer back- resists considering the high level of photocrosslinking 
bone, said pendant acid-labile groups represented required for the survival of tents made using negative 
by the formula: resists. A distinct advantage of the positive dry film 

resists of the present invention that becomes clear with 
Q II this discovery is that the formulation can be optimized 

II I I J ^ for tenting independent of exposure, since the tents 

C— o— c— c— R R ^ themselves are not exposed in making the image. In 

0R2 making the image, exposures can l>e set for optimum 

reproduction of the artwork because there is no expo- 
sure requirements for the tents. 
Q j^, In order to be developed after exposure, the resists 

II II 35 described in the prior art which were based on poly- 

— C-0-(CH2)i,— C6H4-0-c-Cr5r* mers with pendant a-alkoxyalkyl ethers of phenols re- 

0R2 quired aqueous alkaline solutions containing flanunable 

alcohols. Surprisingly, the resists based on the phenolic 
where n«a4; Ri is hydrogen or lower alkyl (up to a-alkoxyalkyl ethers of 4-hydroxy benzyl esters of the 
about 6 carbon atoms); R2 is lower alkyl (up to about 6 40 present invention are soluble in all aqueous alkali after 
carbon atoms); and R^andR^indcpendently are hydro- exposure. 

gen or lower alkyl where the definition of lower alkyl The dry fihn resists of the current mvcntion are for- 
includes the joining of R^ and R2 or R» and either R3 or mulated to flow at about 100* C so that they can be 
R^ or R2 and either R3 or R^ to form a 5-, 6-. or 7-mem- laminated to substrates under heat and pressure. When 
bcred ring; (b) an initiator system that forms a catalytic 45 resists were made with acid labUe t-butyl esters of car- 
amount of strong acid upon exposure to actinic radia- boxylic adds, as described in the prior art, heating to 
tion having a wavdength between about 3000A to 100* C after exposure was required to solubUize the 
about 9000A, and (c) optionally, plasticizers, colorants polymer. The resulting developed miage had distorted 
and adhesion promoters, surfactants, the other surface line edges. Resists of the current invention based on 
of the layer having adhered thereto with low to moder- 50 a-alkoxyalM esters of carboxylic acids can be solubi- 
ate adherence a thin, flexible, polymer film support; lized after exposure by holding at room temperature for 
then in either order; a brief period or by mild heating at less than 100* C The 

b. exposing the layer, imagewise, to actinic radiation developed images have sharp line edges. 

to form an image; Finally, the resists of the present invention, when 

c. stripping the fihn support from the resulting image- 55 property formulated, will withstand aqueous acid and 
bearing layer; and then, alkaline etching and plating processes and even strongly 

d. washing away the exposed areas of the layer to alkaline processes such as electroless copper plating 
form a positive reast image; . baths, yet they are devdopable and strippable in ^1 

e. permanently modifying the adjacent areas on the aqueous alkali. A subsequent re-exposure and develop- 
substrate . surface wbich are unprotected by the 60 ment of the original image to form a second image or a 
resist image by usmg a reagent capable of etching blank re-exposure and development for stripping is still 
said lueas ordepositing a material on said area, and, possible. 

without the need t apply a second coating of pho- POLYMERIC MATERIAL 

tosensitive material; 

f. imagewise exposmg the resist layer again to form a 65 The polymers used in these resists have pendant acid 
second latent unage; labile groups which are bound directiy or indirectly to 

g. washing away the exposed areas f the layer to the polymer backbone. Acrylic, vmyl, polyester, and 
form a positive resist image; polyurethane backbones are all possible. 
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Jt^'r^s'^i^l^^Al^l^::!'^ PHOrOSENSmVE ACID GENERATOR 

be prepared by free radical polymerization, Group Examples of compounds and mixtures which can be 
Transfer polymerization, or by other polymerization used as photoacid generators include diazonium,- phos- 
methods known in the art The pendant acid labile 5 phonium, sulfonium and iodonium salts; halogen com- 
groups may be selectively attached to the polymer pounds organometal/organohalogen combination^ 
backbone as part of the monomeric components used to benzoin and o-nitrobenzyl esters of strong acids, e.g., 
form the backbone or after the backbone has been toluene sulfonic acid; and N-hydroxy amide and N- 
formed. Typically, monomeric components each con- hydroxyimide sulfonates as disclosed in U.S. Pat No. 
taining an acid labile group (or sites to which such 10 4,371,605. Also included are aryl naphthoquinonedia- 
groups may be later attached) are copolymerized in zide-4-sulfonates. Preferred photosolubilizing agents 
suitable proportions to produce the polymeric material. are the diaryliodonium or triarylsulfonium salts. These 
Additional conventional monomer components may be are generally present in the form of salts with complex 
incoT)OT»»*^i«* ♦he copolymerization process to further metal halides ions such as tetrafluoroborate, hexa* 
modify ^oiymeric material characteristics, eg., to 15 fluoroantimonate, hezafluoroarsenate, and hexafluor- 
change the hardness, Tg, and the like. phosphate. 

The pendant acid labile groups useful in the composi- Another useful group of photosensitive acid genera- 
tions ofthis invention can be described by the formulae; tors include oligomers and polymers comprising ap- 
pended anionic groups having an aromatic onium acid 
20 photogenerator as the positive counter ion. Examples of 
J such polymers include those described in U.S. Pat. No. 

^ ^ 4,661,429, column 9, lines 1 to 68, and column 10, lines 

C— 6— c— C— r3r* 1 to 14, incorporated herein by reference. 

I 2 It may be desirable to add a sensitizer to the system to 

25 adjust the spectral sensitivity to the available wave- 
' or length of actinic radiation. The need will depend on the 

requirements of system and the specific photosensitive 
o H compound used. For example, iodonium and sulfonium 

^c— o— (CH2) — C6H4— o— c— CR^R* respond to wavelengths below 300 nm 

" I 30 may be sensitized to longer wavelengths using benzo- 

phenone and derivatives thereof, polycyclic aromatic 
hydrocarbons such as perylene, pyrene, and anthracene, 
where n is 0 to 4; Ri is hydrogen or lower alkyl; R* is and derivatives thereof. The decomposition of diaryli- 
lower alkyl; and R3 and R* independently are hydrogen odonium and triarylsulfonium salts has also been sensi- 
or lower alkyl where the definition of lower alkyl in- 35 tized by bis-(p-N,N-dimethylaminobenzyliden)-ace- 
cludes alkyl groups having 1 to 6 carbon atoms and the tone. Anthracene bound sulfonium salts, with chain 
joining of R' and R2, or R^ and either R3 or R*, or R2 lengths of three to four atoms, are efficient photosolu- 
and either R^or R*to form a 5-, 6-, or 7-membered ring. bilizing agents. These compounds, which are disclosed 
Some examples of acid labile monomeric components jn M. G. Tilley, Ph.D. Thesis, North Dakota State Uni- 
that fall within the scope of the invention when used to 40 versity, Fargo, N. Dak. (1988) [Diss. Abstr. Int B, 49, 
prepare the polymeric material are: 3791 (1989); Chem. Abstr., 1 1 1, 39942u], are a preferred 

1-ethoxyethyl methacrylate (or acrylate), class of photosolubilizing agents. Another preferred 

1-butoxyethyl methacrylate (or acrylate), acid generator is ATASS, i.e., 3-(9-anthracenyl)propyl. 

1-ethoxy-l-propyl methacrylate (or acrylate), diphenylsulfonium-, hexfluoroantimonate. In this com- 

tetrahydropyranyl methacrylate (or acrylate), 45 pound the anthracene and the sulfonium salt Are bonded 
tetrahydropyranyl p-vinylbenzoate, by a three carbon chain. Additional examples of acid 

i-ethoxy-l-propyl p-vinylbenzoate, generator that may be used herein are diphenyli- 

4-(2-tetrahydropyTanyloxy)benzyl methacrylate (or odonium tosylate, benzoin tosylate, and triarylsul- 

acrylate), fonium hexafluoroantimonate. 

4-(I-butoxyethoxy)benzyl methacrylate (or acrylate). 50 The amount of acid generator in the photoresist corn- 
Additional conventional monomer components (hav- position should generally be as low as possible without 
ing no pendant add labile groups) which may be used to unduly sacrificing sensitivity, generally from about 
modify the polymeric material include, but are not lim- 0. 1 % to about 10% by weight of the photoresist compo- 
ited to, acrjiic alkyl esters such as methyl methacrylate; sition. Less than about 0.1% generally lead to insensi- 
ethyl methacrylate; 2-ethyl hexyl methacrylate; propyl 55 tive compositions while weight percentages greater 
methacrylate; cyclohexyl methacrylate; butyl methac- than about 10% produce compatibility and control 
rylate; benzyl methacrylate; benzyl acrylate; methyl problems. For most acid-labile polymers, 0.5 to 6% by 
acrylate; ethyl acrylate; propyl acrylate; butyl acrylate; weight acid generator in the photoresist composition is 
styrene; acrylic alkyl amides such as N-butylacryla- preferred. 

mide; N-octylacrylamide; acrylonitrile, styrene, p- 60 A sufficient amount of acid labile ester in the polymer 
methy] styrene; butadiene, isoprene. Preferred mono- is necessary to allow the exposed areas of the resist to be 
mers for resistance to alkaline processing soluti ns in- developable in all aqueous base either by dissolution or 
elude aromatic monomers such as styrene or benzyl dispersion. Preferred all aqueous developing solutions 
methacrylate or hydrophobic aliphatic monomers such include, but are not limited to 0.5% sodium hydroxide 
as 2-ethylhexyl, butyl or cyclohexyl methacrylate. 65 or 1.0% sodium cari)onate. The addition of small 
Small quantities (typically less than 5 mole %) of gly- amounts of surfactants or defoamers can be useful to aicl 
cidal methacrylate fhay be added as an adhesion pro- development or to control foaming in the solution. The 
moter. exact amount of acid labile ester depends on the resist 
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formulation, the polymer composition . and molecular 
weight, and the glass transition of both. Experiments 
have demonstrated that as little as 25 mole % of tetrahy- 
dropyranyl methacrylate in a tetrahydropyranyl metha- 
crylate/butyl methacrylate copolymer was sufHcient 5 
for all aqueous development in 0.5% sodium hydroxide 
solution. 

The Tg of the resist composition has to be adjusted so 
that it is within a useful range. The resist cannot be 
excessively tacky or flowable at room temperature at 10 
the lower end of the range and yet it must be able to 
flow at typical lamination temperatures of lOO** to 110* 
C. at the upper end of a temperature range. A preferred 
range for the glass transition of the composition would 
be 15' C. to 60" C. The Tg of the polymer would have 15 
to fit within that range if it comprises the bulk of the 
least idthough it could be higher providing (hat it can 
be plastidzed so that the dry film resist falls within that 
range. Further, it is possible to add other monomers or 
additives such as polyketals and acetals, plastidzers 20 
and/or crosslinkers into the resist composition to mod- 
ify certain properties. 

CX)LORANTS 

Colorants such as dyes and pigments are useful adju- 25 
vants in dry film photoresists because the developed 
resist image can be inspected for defects and a determi- 
nation of when the resist has been cleaned from the 
substrate during development is possible. A preferred 
example of a colorant is Victoria Green dye. This mate- 30 
rial imparts a deep green color to a resist and upon 
exposure of the reisist, it lightens in color in the irradi- 
ated areas. This creates an image of the artwork which 
is useful for inspecting the exposed sample for defects 
that might have been present in the artwork or dirt that 35 
accidentally was present during the exposure. Additives 
that create a visible image by forming a color or by a 
color change, e.g., leuoolaclones, would also be useful. 
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PRINTED CIRCUIT MANUFACTURE 



40 



Photoresists are used in temporary coatings in a pri- 
mary imaging process to make printed circuits. In prac- 
tice, a photoresist layer, typically between 8 and 125 
microns thick, is applied to a printed circuit substrate 
which typically £s a copper clad fiberglass epoxy board. 45 
Hie applied photoresist layer is then imagewise exposed 
to actinic radiation to solubilize exposed areas. The 
exposed areas are then completely removed typically 
with a developer solution which selectively dissolves, 
strips or otherwise disperses the exposed areas without 



adversely affecting the integrity or adhesion of the un- 
exposed areas. The surface areas of the substrate which 
were uncovered by the development process are then 
modified by etching or removing material therefrom or 
depositing a material thereon. 

In the instance of primary imaging to form a printed 
circuit board, the uncovered copper surface areas may 
be etched or removed to form a printed circuit directly, 
or additional copper or other metal resistant to etchant, 
e.g., gold, tin/lead, etc., may be plated thereover. In the 
first instance, the unexposed resist is typically removed 
from the remaining copper surface by a stripping pro- 
cess involving re-exposure to actinic radiation followed 
by a second development operation to form the circuit 
board directly. In the second instance, the unexposed 
resist is first removed from the unplated copper surface 
which is then etched or removed from the substrate to 
form a plated printed circuit board. 

DRY FILM RESIST LAMINATION 

A pre-formed, dry-film, photosolubilizable resist 
layer typically is applied from a multi-ply, transfer, 
resist element using the lamination process as described 
in U S. Pat No. 4,193,797. The multi-ply, resist element, 
comprises, in order, temporary support film, e.g., poly- 
ethylene terepbthalate, a thin photosolubilizable resist 
layer, and optionally a removable cover sheet, e.g., 
polyethylene, to protect the resist element during stor- 
age. As described in the patent, the cover sheet, if pres- 
ent, is first removed and the uncovered photoresist 
surface is laminated to the suriace of a copper clad 
printed circuit substrate using heat and/or pressure, 
e.g., with a conventional hot-roll laminator. Although 
the laminate may be imagewise exposed to actinic radia- 
tion through the temporary support film, in most in- 
stances, where the photoresist layer is insensitive to 
ambient conditions and is not excessively tacky, the 
temporary support is removed before imaging to im- 
prove resolution and other such properties. In some 
instances resist adhesion to the substrate can be im- 
proved by treating the substrate surface with a liquid at 
or just prior to laminatipn such as a solution of adhesion 
promoters as disclosed in Jones, U.S. Pat. No. 3,645,772 
a solvent or swelling agent for the resist layer as dis- 
closed in Fickes. The liquid in some instances may be 
photosensitive such as the photoresist solutions dis- 
closed in Isaacson, U.S. Pat No. 3,629,036. The resist 
may also be applied to the substrate with a 'vacuum 
laniinator. 

TABLE 1 



POLYXIER COMPOSmON AND DATA 







Molar 










Td 


# 


. Polymer Composition 


% 


Prep 






•e. 


1 


Tetrahydropyranyl 
metluu^ltt^utylmethacrylate 


. 22:78 


OTP 


20.800 


19,600 


49 




2 


Tetrahydropyranyl 
metbacrylate/benzylmethacrylatc 


30-^ 


OTP 




21,300 




183 


3 


Poly(tert-btttyI acrylate) 


100 . 






100.000 






4 


Poly(tert-butyimethacryIate) 


100 






30,000 






5 


Novolak Resin HiU 1829 














6 


THP derivative of HRJ 1829 










61 


148 


7 


Poly(4-(2-tetrahydro- 
pyraDyk»y)benzylmethacrylftte) 


100 


OTP 


11,300 


9,390 


62 


231 


8 


Tetrahydropyranyl* 
methacryJate/benzyl 
methacrylate methacrylic Acid 


46:SI:3 


RADICAL 


183.000 


38.300 






9. 


PolyCtetrahydropyraoyl- 
raethacrylate) 


100 


GTP 


20,000 


13,000 


91 


174 


ID 


Tetrahydropyranyl* 
methacrylate/b!ock.benzyl 


S0:50 


GTP 


36,400 


23.400 


80 


177 
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Td 


% 


Ftep 




Mfi 


'C 


•c 


50t50 


' OTP 


12,300 


10,200 


80 


187 


40:60 


OTP 


26,100 


17,300 


70 


187 


33:40:27* 


OTP 


25,800 


13,800 


58 


189 


39:32.29» 


OTP 




14.900 




194 


SO:SO 


RADICAL 


34,700 


21,200 


S8 


196 
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TABLE 1-oontinued 

POLYMER COMPOSmON AND DATA 

# Polymer Composition 

methacrylaie 

11 2''Tetrahydrofuranyl- 
methacrylate/benzyl methacrylate 

12 TetrahydropyraDyl* 
methacrylate/benzyl methacrylate 

13 Tctrahydropyranyl- 
aethaorylate/2-eUiyUiexyl methacrylate/ 
benzylmethacrylate 

14 Tetrahydropyranyl- 
methacrylate/2-ethyUiexyI methacrylate/ 
benzylmethacrylate 

15 Ethoxypropyl' 
methacrylate/benzyl methacrylate 

•wi.* 

. , . , , ^ (polystyrene Standard). NMR analysis of the copolymer 

In the follo>j^g preparations, gel permeation chro- ^^^^ composition to be 1:1 on a molar basis, 

matography (GPC) is used with polystyrene standards . . 

for molecular weight measurements. Differential scan- ' POLYMER #3 

ning calorimetry is abbreviated DSC Procedures for poly(tert-butyl acryhite), 35% in toluene purchased 

carrymg out group transfer polymerizations (dry^^^ Monomer-Polymer Laboratories. Trevose. Pa. 

apparatus, purification of monomers) are as descnbed m 10047 

Sogah, D. Y.; HerUer. W. R.; Webster. O. W.; Cohen. 

G. M. Macromoieeules 1987. 20. 1473. POLYMER #4 

POLYMER #1 Poly(tert*butyl methacrylate) purchased from Mono- 

^, ^ ^ , ^ , , mer Polymer Laboratories. 

Poly(n-butyl methacrylate (78 mole %) 

THPMA (22 mole %)) 

Tetrahydropyranyl methacrylate (THPMA) and n- ^ ^ovolak Redn HRJ 1829 Novolak for 

butyl methacrylate were purified separately by passage fl«»ble photoresist, mp 140 C. obtained from Schenec 
over a column of basic alumina under argon. To a solu- Chemicals. Inc., Schenectady, N.Y. 

tion of 1.48.mL (5 mmol) of l-(2-trimethylsiloxyethox- POLYMER #6 

y>l-trimethylsiloxy-2-methyl-l-propene and 0.1 mL of „ . * u ^ 1 vt t ^ ^o'>€^ 

tetrabutylammonium biacetate (0.04^1 in THF) in 150 Preparation of tetrahydropyranyl Novolak HRJ 1829 

mL of THF under an argon atmosphere was added a A mixture of 5.09 g of Novolak HRJ-1829, 20 mL of 

mixture of 64.1 g (71.7 mL, 0.45 mol), of n-butyl meth- 3,4-dihydro-2H-pyran, and 0. 1 g of pyridine hydrochlo- 

acrylate and 21.6 g (21.2 mL, 0.127 mol) of THPMA at ^ 'ride was stirred at reflux for 18 hr. Then 1 g of cross- 

a rate such that the temperature of the reaction re- linked poly(dimethylaminomethylstyrene) was added, 

mained between 35* and 40" C. NMR analysis of the and the mixture was stirred for I hr and filtered. Precip- 

reaction mixture showed no residual monomer. Precipi- itation of the product from the filtrate with methanol 

tatton in methanol gave an oil, which, after drying at 0. 1 gave, after drying in vacuo at room temperature, 6.5 g 

mm. solidified to 60 g of poly(n-butyl methacrylate [78 of tetrahydro-2-pyranyl ether of Novolak resin. ^H 

mol%l. THPMA [22 mol%]). GPC: M„= 19,600. NMR (300 MHz) shows a resonance at 6 5.35 ppm 

Miiis20.800, Mti/Mfiasl.ll. DSC: T;==49.2* C. characteristic of the methine proton of a tetrahydro- 

uni v\/fcT> ^1 pyranyl ether. DSC: Tg 60.8* C. with decomposition 

TOLYMfcK ff2 endotherm at 148.09* C. (335.6 J/g). TGA shows 

Preparation of 1:1 Random Copolymer of ^ 29.45% weight loss at 161.95' C. 

Tetr^ydropyranyl Methacrylate and Benzyl ^ vmup *7 

Methacrylate by Group Transfer Polymerization POLYMER f 7 

To a solution of 0.45 mL (2.5 mmol) of l-(2-trimethyI- Poly(4-tctrahydropyranyloxybcn2yl methacrylate) 

siloxy cthoxy)-l-trimethylsiloxy*2-methyl-l-propene 33 To a solution of 0.64 mL (2 mmol) of l-(2-trimethyl- 

(TTEB) and 0.4 f&L of tetrabutylammonium biacetate siloxyethoxy)-l*trimethylsiloxy-2-methyl-lpropene, 

hexahydrate (0.005 M in tetrahydrofiiran) in 75 mL of 0.55 mL of tetrabutylammonium biacetate (0.04 M in 

tetrahydrofunm (THF) under argon was added a mix- -THF), and 0.06 mL of bis(dimethylamino)methylsiIane 

tare of IS mL (14.78 g. 0.084 mol) of benzyl methacry- in 40 mL of THF was added dropwise a solution of 20 

late and 14 mL (14.28 g. 0.084 mol) ofTHPMA at a rate ^ g (72.5 mmol) of 4-tetrahydropyranyloxybenzyl meth- 

such that the temperature did not exceed 36* C. Both acrylate (purified by passing over a column of basic 

monomers had been individually passed ver colunms alumina in hexane solution, followed by evaporation of 

of basic alumina under an argon atmosphere just prior the hexane under reduced pressure) in 30 mL of THF. 

t use. NMR analysis of an aliquot f the reaction mix- When the exothermic polymerization was finished, and 

tuire showed 8% residual monomer. The product was the temperature had returned to room temperature, the 

precipitated in methanol and dried at room temperature reaction mixture was poured into methanol. Filtration 

to give 29.7 g of poly(THPMA-co-benzyl methacry- gave 19 gof poly(4-tetrahydropyranyloxybenzyl meth- 

late). GPC: Mr,=21,500. Mh,=36.000, M»M„==1.67 acrylate). GPD: M„= 9390, Mh.^ 11.500, MhM«= 1.23. 
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DSC: Tg=62,3* C, with a decomposition endotherm at M„=41,400, Mw«42,100, Mw/Mn^ 1.02. DSC: 
250,5* C.TGA: rapid loss of24.74% of weight at 248.r Tj=80.3' C. with decomposition endotherm at 176.9' 
C. The monomer was prepared from methyl 4-hydrox- C. »H-NMR analysis of the product shows that the 
ybenzoate by reaction with an excess of 3,4-dihydro- coinp<^tion is 1:1 tetrahydropyranyl .methacrylate:ben- 
2H*pyran in the presence of sulfuric acid catalyst to 5 zyl methacrylate. 
give methyl 4-(2-tetrahydropyranyloxy)ben2oate, 

which was then reduced with lithium aluminum hy- POLYMER #11 

dride in THF solution to give 4-(2.tetrahy- Poly(2-tetrahydrofiiranyl methacrylate-co-benzyl 

dFopyranyloxy)benzyl alcohol. Esterification with me- methacrylate) 

thacryly] chloride and triethylamine in dichlorometh- lo 

ane solution gave 4-tetrahydropyranyloxybcn2yI meth- '^^ * solution of 0.74 mL (2.5 mmol) of l-(2-trimethyl- 
acrylate, m.p. 36* C 8iloxyethoxy>l-trimethylsiloxy-2-methyM-propene 

and 175 fiL of tetrabutylammonium biacetate (0.04 M in 
POLYMER #8 THF) in 75 mL of THF was added dropwise a mixture 

Poly(benzyl methacrylate [51 15 of 25.4 "g (25.0 mL, 145 nunol). of benzyl methacrylate 

mol%]-co-tctrahydropyranyl methacrylate [46 «nd 22.6 g pi.3 mL, 145 nomol) of 2-tctrahydrofuranyl 

mol%]-co-methacryIic acid [3 mol%]) methacrylate. Analysis of an aliquot of the reaction 

A solution of24.4mL (0.141 mol) of benzyl methac mixture showed the presence of r«idual monomers, 
rykte, 23.4 mL (0.141 mol) of THPMA, and 75 mg of Precipitation with methanol gave 19.3 g of poly(2. et- 
azohis(isobutyronitrile) (VAZO 64) was heated at 75' 20 rahj^uranyl methaciylatejco-benzyl methacrylate). 
C. under argon for 7 hr, during which time the solution ^H-NMR analysis of the polymer showed Ae moLir 
became viscous. An additional 75 ms of VAZO 64 composition to be 1:1 tetrahydrofuranyl methacrylate: 
(dissolved in 5 mL of ethyl acetate) was added, and ^'^^ methacrylate. GPC: M„= 10,200, Mh,= 12,300, 
Ltingat 75- C wascontinuedto^^^^ Mw^„==1.20. DSC: T^=80.4- C. with a broad, com- 

of the solution showed about 8.5% residual mono- 25 plex decomposition endoth^^ 
mer(s). The product was isolated by precipitation in ^^'^^ ^^'8^^ ^^^'^ ^ 

methanol. Titration of an aliquot of the product with ^ POLYMER #12 

standard sodium hydroxide solution showed 0.18 « , ^ . , 1 , , r ^ 

meq/g of methacrylic add units in the polymer. Thus, Poly(tetraliydropyranyl methacrylate [40 

the product is polyCTHPMA [46 mol%]-co-ben2yl 30 mol%]-co.ben2yI methacrylate [60 mol%]) 
methacrylate [51 mol%]-co-methacrylic acid [3 To a solution of 0.78 mL (2.46 mmol) of K2-trime- 
mol%]). GPC: Mfl«58,500, Mm.= 183,000, thylsilGxyethoxy)-l-trimethylsiloxy.2-methyl-l-pro- 
MHyM„= 3.13. pene and 700 ftL of tetrabutylammonium biacetate (0.04 

pni VMPn MQ ^ THF) in 130 mL of THF was added dropwise a 

rui. YMciv jf y 35 ^^^^ ^ 2 mL, 1 15.6 mmol) of tetrahydro- 

Poly(2-tetrahydropyranyl methacrylate) pyranyl methacrylate and 30.5 g (30.0 mL, 173.4 mmol) 

To a solution of 0.15 mL (0.5 mmol) of l(2-trimethyl- of benzyl methacrylate at a rate such that the tempera- 
siloxyethoxy).l.trimcthylsiloxy-2-methyM.^propene ^^e remained near 45' C. during the addition. Precipi- 

and 30 ^iL of tetrabutylammonium biacetate (0.04 M in ^ ^tion with methanol gave 50 g of poly(tetrahydropyra. 
THF) in 30 mL of THF was added dropwise 10 g (9.8 "V^ methacrylate-co-benzyl methacrylate). >H-NMR 
mL, 58.8 mmol) of t^rahydropyranyl jnethacrylate analysis of the product shows the composition to be 40 
(purified by passage over a column of basic alumina in6le% tetrahydropyranyl methacrylate, 60 mole% 
under an argon atmosphere). NMR analysis of the reac- b««yl methacrylate. GPC: M«=17,300, M«,=26,100, 
tion mixture showed that there was no residual mono- .5 MHyM«=1.51. DSC: Tg=70.r C. with a decomposi- 
mer. Precipitation with methanol gave 8.34 g of poly(2- ^on endotherm at 186.9* C TGA: 16.02% weight loss 
tetrahydropyranyl methacrylate). GPC: 13,600, at 184.4* C 
Mh,=20,000,Mh/M„==1,47 POLYMER #13 

POLYMER #10 Poly(tetrahydropyrany] methacrylate [33 

Poly(2-tctrahydropyranyl methacrylate-b-benzyl wt%i-co-2-ethylhcxyl methacrylate (40 

methacrylate) wt%]-co-bcn2yl methacrylate [27 wt%]) 

To a solution of 0.925 mL (2.9 mmol) of l-(2-trime- THPMA, 2-cthylhexyl methacrylate, and benzyl 
thylsiloxyethoxy)-l-trimcthylsiloxy-2-methyl-l-pro- methacrylate were purified by passage over a column of 
pene and 62.5 ^L of tetrabutylammonium biacetate 55 basic alumina under argon. To a solution of 0.44 mL 
(0.04 M in THF) in 100 mL of THF was added drop- (1*5 mmol) of K2-trimethylsiloxyethoxy)-l-trimethy]- 
wise 30.6 g (30 mL, 174 mmol) of 2-tetrahydropyranyl siloxy-2-methyl-l-propcne and 0.08 mL of tetrabutylam- 
methacrylate at a rate such that the temperature re- monium biacetate (0.04 M in THF) in 100 mL of THF 
mained between 35* and 40* C. Four minutes after the was added a mixture of 9.9 g (9.7 mL, 58.2 mmol) 
temperature first began to drop following the addition 60 THPMA, 12 g (13.6 mL, 60.6 mmol) of 2-ethylhexyl 
of the 2*tetrahydropyranyl methacrylate. the addition methacrylate, and 8.1 g (8.2 mL, 46 mmol) of benzyl 
of 3L8 g (31^5 mL, 174 mmol) was begun. After the methacrylate at a rate such that the temperature re- 
addition was complete, NMR analysis of an aliquot of mained below 30* C. When the monomer mature had 
the reaction mixture showed that no residual monomer been added, addition of 0.03 mL of tetrabutylam- 
was present Precipitation with methanol gave 62 g of 65 monium biacetate (0.04 M in THF) resulted in a temper- 
poly(2-tetrahydropyranyl methacrylate-b-benzyl meth- ature rise of 7* C. NMR analysis of the reaction mixture 
acrylate). GPC: bimodal with 17% having Mns=7990, showed the presence of a trace of unreacted monomers. 
M|,>:3:8680, Mm«/Mj|s:1.09, and 83% having Successive precipitation in methanol and in hexane 
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cooled at —78° C. followed by drying gave 23.1 g f The copper clad glass epoxy panels were scrubbed 

solid poly(THPMA [33 wt% ]-co-2-ethylhexyl methac- and dried. They were dipped for IS seconds into the 

rylate [40 wt%]-co-benzyl methacrylate [27 wt%]). working benzotriazole solution, rinsed for 30 seconds in 

GPC: Mn=13,8(X), MMr=2S,800, Mi,Mn=1.87. DSC: a stream of deionized water, and dried in oil free air. 

Tg=57.6*C with a decomposition endotherm peaking 5 The panels are then ready to laminate with resist 

at 188.0* C. To further illustrate the present invention the foUow- 

POLYMER #14 examples are provided. 

Po]y(tetrahydropyranyl methacrylate [39 EXAMPLES 

wt%]-co-2-ethylhexyl methacrylate [32 10 EXAMPLE 1 

wt%]-co-benzyl methacrylate [29 wt%]) ^^^^^^^^^ ^^^^ ^^^^^^^ 

Tcuahydropyranyl methacrylate (11.7 g). 9,6 g of ^cre prepared with the ingredients as listed below: 
2-etfaylhexyl methacrylate, and 8.7 g of benzyl methac- 
rylate were polymerized using the general procedure , ■ 

used for polymer # 1 3 (with precipitation in cold metha- >a IB 

n'*l> to give 25.5 g of polyCTHPMA [39 wt%l, 2-ethyl- Polymer #1 IpoIyCTHPMA/ButylMA)] 1.5 g 

hexy] methacrylate [32 wt%], benzyl methacrylate [25 Polymer #2 (pcayfrHPMA/BenzylMA)] 1.5 

wt%J). GPC: M„= 14.900. Mh,=27,000. M^„^IM. STT-^^^u nm ^ nn! * 

peakmg at 194.1 C. Dilnityliihthalate 020 g 

POLYMER 15 Methylethylketone 3.0 g 3.0 g 

Poly(l«ethoxypropyl methacrylate^o-benzyl 

methacrylate) 25 

To a refluxing mixture of 150 mL of deoxygenated 

ethyl acetate, 25.43 g (144.5 mmol) of benzyl methacry- Solution lA, prepared with a copolymer of tetrahy- 

late, and 24.89 g (144.5 mmol) of 1-ethoxy propyl meth- dropyranyl methacrylate and n-butyl methacrylate, was 

acrylate (prepared by the acid*catalyzed reaction of coated onto 92 gauge polyester film and air dried to 

ethyl 1-propyl ethera and methacrylic acid) under ar- 30 give a green resist film 1 mil thick. The coating was then 

gon, was added 0. 1 5 g of azobis(isobutyronitrile). After laminated to a scrubbed copper clad epoxy panel at 105* 

refluxing for 8 hr, the solution was treated with an F. and 2 fpm using a Du Pont HRL hot roll laminator. 

additional 0.15 g of azobisOsobutyronitrile), and reflux- On a sample of the panel different areas were given 

ing was continued for 18 hr. NMR analysis of the reac- exposures of 50, 100, 200, 400 and 600 mj/cm^ using a 

tion mixture showed the presence of 4% unreacted 35 Du Pont PC 130 printer (containing a 5000 WSylvania 

monomers. Precipitation in methanol gave 49.4 g of M061 lamp). The exposures were held 15 minutes at 

poly(l-ethoxypropyl methacrylate-co-benzyl methac- room temperature prior to being developed in a 0.5% 

rylate). ^H-NMR analysis of the product shows the aqueous sodium hydroxide solution at 105* F. in an ASI 

composition to be 1:1 l-ethoxypropyl methacrylate:- spray developer unit at 30 psi. The exposure energy 
benzyl methacrylate. GPC: M„=21,200. Mw=54,700, 40 incident upon the samples was checked with an IL 770 

Mw/M„=2.57. DSC; Tj=58.1 C. vwth a decomposi- radiometer which integrated energy between 300 and 

toon endothcrm at 195.5- C TOA: 19.8% weight loss at 400 nanometers. The 200 mj/cm^ and higher exposures 

187.7 C. allowed the resist to be developed at 150 seconds. An- 

INITIATORS other sample was exposed imagewise at 200 mj/cm^ 

T * ui r *. -» V IT • through a UGRA Plate Control Wedge 1982 containing 

Sidf numufactured by Union ^onccitric circles spaced from 4 to 70 microns (avail- 

i«ifia*«r it-j «r^»i.*. fs.^^ mu^ able from the Graphic Arts Technical Foundation) and 

GeSy ^"^^'"'^ ""^"^^ held 15 minutes aTroom temperature. The green color 
Initiator #3-Dimethyl.2-(4-hydroxynaphthybul- 50 ^ ^.°!f ^eas^^ich had received exposure was sub- 

fonium hexafluorophosphate stantially faded, providmg a cnsp bleach out unage of 

REF: prepared in accordance with the general proce- artwork. The developed sample held and resolved 

dure described in U. V. Crivello and H. J. W. Lam, J. ^« «P*^ ^ °^ 

Poly. Sci., Polym, Chem. Ed., 18, 1021, (1980). formed. 

Initiator #4-[3-(9.anthraccnyl)propylldiphenylsul- 55 Solution IB was.prepared using a copolymer of tetra- 

fonium hexafluoroantimonate hydropyranyl methacrylate and benzyl methacrylate. A 

Ref: Mark Gerard Tilley. North Dakota State Univer- ^ was coated and laminated to scrubbed 

sity PhD Thesis, "Synthesis and Reactivity of Cati- f»PPer clad glass epoxy which had been previously 

onic Photoinitiators and Translational Diffusion of scrubbed and treated with a benzotriazole solution as 

Small Molecules in Polymers, October, 1988. 60 described in the procedure for treatment of copper clad 

glass epoxy with benzotriazole. On a sample of the 

Procedure for Treatment of Copper Clad Panels with different areas were given exposures of 100, 200. 

Benzotnazole 300, 4OO and 800 ny/cm^. held for 30 minutes at room 

A solution was prepared comprising 385 grams of temperature, and developed in a beaker of 0.5% sodium 

deionized water. 47.5 grams of 37% hydrochloric acid, 65 hydroxide at 105* F. The 400 mj exposure developed 

and 47.5 grams f benzotriazole. A working solution clean at 290' seconds and the 800 mj exposure at 47 

was prepared by mixing one part of this solution to 9 seconds. No heat was required. At exposures of 200 

parts of deioiii^^d water. mj/cm^ and 400 mj/cm^ the resist developed in the same 
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solution in the ASI 30 psi spray developer at 60 seconds 
and 7 seconds respectively. 

COMPARATIVE EXAMPLE 

Two photoresist coating solutions 2A and 2B were 
prepared with the ingredients listed below: 





lA 


2B 


Folymer #3 ^ly(t-butyl acrylate)] 


l.Sg 




Pdymer #4 [poly(t-lnityl oediacrylate)) 




1.3 g 


Cyncure6974 


0.1 g 


0.1 g 


Chlorothioziathone 


0.002 g 


0.002 g 


Bcnzophenone 


a24g 


0,24 g 


2-Methoxypiopaiie 


3.0 g 




Methylethylketone 




3.0 g 



isolated lines on an imaged sample produced under 
these conditions were uneven and ragged. 

COMPARATIVE EXAMPLE 

Three photoresist coating solutions 3A, 3B and 3C 
were prepared with the ingredients listed below. Poly- 
mers 5 and 6 are included for comparison. Polymer 7 is 
within the invention.: 



10 



15 



DRY FILM RESIST 

Solution 2A, prepared with poly(t-butyl acrylate), 
was coated onto 92 gauge polyester film with a six mil 20 
doctor knife and air dried to give a film 1 mil thick. One 
part of this coating was laminated to a panel of scrubbed 
copper clad epoxy laminate at 105"* C. at 2 fpm; another 
pan was Ift^i^F^aW to a panel of laminate which had 
been previously scrubbed and treated with a benzotriaz- 2S 
{At solution as described in Example L The polyester 
was removed and different areas of each sample were 
given separate exposures of .600, 1200 and 2400 n^/cm^ 
as indicated in the table below. One sample at each 
exposure was placed in a 100' C oven for two minutes 30 
and then held for an additional 13 minutes prior to de- 
velopment. The other sample at each exposure was 
placed in the 100* C. oven for 15 minutes. All of the 
samples were subjected to spray development in an ASI 
unit with 0.5% sodium hydroxide solution at 105* F. 3S 
and 30 psi spray pressure until they developed clean (as 
determined by a brief etch in acidic ammonium persul- 
fate) or for a maximum contact time of 10 minutes. The 
times to develop cleanly are summarized in the table 
(DNC means incomplete development which left resist 40 
on the copper)* 

TABLE ^ . 

Comparative Example 
Coating on copper Coating on treated copper 

Exp. 600 mj 1200 mj 2400 mj 600 mj 1200 mj 2400 mj 
2min.iD0ven DNC DNC DNC DNC DNC 120 sec 
15min. inoven DNC DNC 120 sec 120 sec 120 sec 120 sec 





3A 


3B 


3C 


Polymer #S 


l.Sg 






[Novolak Resin HRJ1829)] 








Polymer #6 




1.5 g 




[THP derivative of HRJ1829}] 








Polymer #7 






1.5 g 


[poly(4-<2-THPoxy)beiizylMA)] 








Cyracure 6974 


0.1 g 


0.1 g 


0.2 g 


Chlorothioxanthone 


0.002 g 


0.002 g 


0.002 g 


Benzophenone 


0.24 g 


a24g 


0.24 g 


Dibutylphthalate 


0.2 g 


0.2 g 


0.2 g 


Victoria Green Dye 


0.001 g 


0.001 g 


0.001 g 


Methylethylketone 


3.0 g 


10 g 


3.0 g 



LIQUID COATING 

Solution 3 A was coated onto a piece of scrubbed 
copper dad glass epoxy with a six ndl doctor blade, an: 
dried, and fully dried in a 40* C. oven for 15 minutes to 
give a coating one mil thick. A sample was passed 
through the ASI developer unit with 0.5% sodium 
hydroxide at 105* F., but the coating would not wash 
clean after 10 minutes. Another sample was dipped into 
a stirred beaker with a 50/50 vol/vol solution of Ship- 
ley Microposit 351 (essentially 5% sodium hydroxide) 
and DI water at 105* F. The coating developed from 
the panel in 60 seconds. A third sample developed clean 
in 19 seconds when placed in a semi-aqueous developer 
solution at 105* F. comprising 70 grams of n-propyl 
alcohol, 128 grams of water, and 2 grams of potassium 
hydroxide. 

DRY FILM RESIST 



Samples of coating 2A laminated to the treated cop- SO 
per were imagewise exposed through the UGRA target A second sample of HRJ1829 was converted to its 
at 600 and 1200 mj/cm^ heated for 15 minutes at 100* tetrahydropyranyl ester derivative using dihydropyran 
C and developed for 130 seconds in the ASI spray (Polymer #6). A coating solution 3B was prepared 
developer. Although both images held and resolved 55 identical to 3 A, except that the tetrahydropyranyl de- 
micron lines, the developed edges of isolated lines were 55 rivative replaced the HRJ1829 polymer; Uie solution 
uneven and ragged. was coated onto one mil polyester with a six mil doctor 

1 rni TTFk II p CTQT blade and air dried to gi vie a one mil thick dry film resist 

UQUlu RESIST photosensitive coating was laminated onto scrub- 

Solution 2B, preparied with poly(t-butylmethacry- bed and treated copper dad epoxy laminate with a hot 
late), was coated onto 92 gauge polyester to give a very 60 roll laminator. Samples of the coating were given sepa- 
brittle coating which shattered. To test the resist, solu- rate exposures of 100, 200, 400 and 800 mj/cm^and held 
tion 2B was coated directly onto a panel of scrubbed for thirty minutes. During the hold time they received 
copper clad epoxy laminate with a six mil doctor blade, different heat treatments as listed in Table 3 below. The 
air dried, and further dried in a 40* C. oven for 15 min- samples were immersed in all aqueous and semi-aiqueous 
utes t give a coating one mil thick. An exposure of 600 65 developer until the resist cleaned from the copper or for 
mj/cm^ followed by heating at 100' C. for 15 minutes a maximum of 5 minutes. Note that this resist would 
allowed this resist to be developed clean in 150 seconds only develop in semi-aqueous developer and then only 
under the conditions previously cited. The edges of after extensive heating. 
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Devdopcr/ 
Temp 


Hold Temp/ 
Tiine 


100 200 400 
mj/cm^ mj/cm^ mj/cm^ 


800 

mj/czn^ 


3S1/H20 


RT 


DNC 


sLdev 


heavy 


heavy 


SO/SO 








residue 


residue 


I05*F. . 














100' c/ 


DNC 


si. dev 


heavy 


heavy 




Smm. 






residue 


residue 




100* cy 


DNC 


DNC 


heavy 


heavy 




13min. 






residue 


residue 


Semi-Aqueoas 


RT 


DNC 


heavy 


heavy 


heavy 








residue 


residue 


residue 




100* cy 


DNC 


heavy 


heavy 


heavy 




5 min. 




residue 


residue 


residue 




100- cy 


DNC 


scuns 


210 sec 


4S8ec 




15 min. 
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Two samples of coating 3B were imagewise exposed 
through the UGRA artwork at 400 and 800 mj/cm^, 
held 15 minutes, heated for 15 minutes at 100* and 
developed in the semi-aqueous developer at 105* F. The 
images developed cleanly, but the line edges were rag* 
ged and uneven. 

DRY FILM RESIST 

For comparison, a one mi] dry fthn was coated on 92 
gauge polyester from solution 3C containing poly(4- 
(tetrahydrQpyranyIoxy)4>eiizy] methacrylate) which is 
within the present invention, dried, and laminated to 
scrubbed and treated copper chid glass epoxy. An expo- 
sure of 200 mj/cm2 allowed to resist to develop in a 
50/50 Shipley Microposit 351 developer solution m 25 
seconds at 105* F. The unexposed resist remained 
glossy. Unlike the resist containing tetrahydropyranyl 
derivative of the Novalak resin, this resist did not re- 
quire heating after exposure and it developed in all 
aqueous alkali. A sample images through a UGRA tar- 
get at 200 mj/cm2 and developed at 25 seconds in the 
same developer held 70 micron lines. 

EXAMPLE 4 

40 

Four photoresist coating solutions 4A, 4B» 4C and 4D 
were prepared with the ingredients listed below: 



35 





4A 


4B 


4C 


4D 


Polymer #2 




1.5 g 


1.3 g 


1.5 g 


CynciiTe6974 


aig 








Chlorothioxaiitbone 


0.002 g 








Benzoin Tosylate 




aosg 






Initiator #3 






0.1 g 




Initiator #4 








0.05 g 


Benzophenone 


0.24 b 


0.24 g 


a24g 


0.24 g 


Dibutylphthalate 


0.2 g 


0.2 g 


0.2 g 


0.20 g 


Victoria Green Dye 


0.00! g 


aooig 


aooig 


aootg 


MethylisobutyUcetone 


3.0 g 


3.0 g 


3.0 g 


3.0 g 
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These solutions were coated onto one mil polyester 55 
with a six mil doctor blade and air dried to give one mil 
thick dry film resists. These were laminated onto scrub- 
bed and benzotriazole treated copper clad epoxy lami- 
nate with a hot roll laminator. The green color of all 
four resists was bleached one exposure, providing a 60 
visible reproduction of the artwork in the resist. Resist 
4A was given a 100 mj/cm^ exposure, held 30 minutes 
at room temperature, and devel ped for 13 seconds to a 
step 2 (step density 0.15) after development for 13 sec- 
onds in 0.5% sodium hydroxide spray as previously 65 
described. Resist 4B developed to a step 2 at an expo- 
sure of 564 ny/cm^ and a development time of 18 sec- 
onds. Resist AC developed to a step 3 after «. 400 



mj/cm^ exposure and a development time of 1 3 seconds. 
Resist 4D developed in 15 seconds with a 100 mj/cro^ 
exposure. 

A sample of each of the laminated resists 4A, 4B and 
4C were exposed through a fine line and space target 
and developed as indicated above. The samples were 
etched in ammonical cupric chloride, pH 8.4, s.g. 2.2, at 
130* F. and 38 psi in a Chemcut spray etcher. The 
etched samples held isolated 55 micron etched lines and 
resolved 25 micron etched channels. The resist on these 
samples was then stripped by giving them 4 joules of 
UV exposure on a conveyorized exposure source, heat- 
ing for 60 seconds at 160* C. on a conveyorized mfrared 
unit, and pasdng them through the orighial spray devel- 
oper for 60 seconds. 

EXAMPLE 5 

A sample of resist 4A from Example 4 was imaged 
with pads and developed as in the previous example. 
The sample was precleaned in a sodium persulfate/sul- 
furic add bath for 60 seconds, followed by 10 seconds in 
10% sulfuric acid and another 10 seconds in fluoboric 
acid. It was then plated for 15 minutes in a tin/lead 
iluoborate bath at 10 amps per square foot. The sample 
was then reimaged at 500 mj/cm^ with a line pattern 
that intersected the plated pads and developed. The 
reimaged sample was etched in ammonical cupric chlo- 
ride and stripped as previously described to give a sam- 
ple with solder plated pads and copper conductors. 

EXAMPLE 6 

A sample of resist IB was imaged with a fme line and 
space target as described in Example 4 and precleaned 
in a sodium persulfate/sulfuric acid solution. The sam- 
ple was placed into a PCK-570 full build electroless 
copper bath at 72" C. and pH 12. The bath was replen- 
ished with formaldehyde and sodium hydroxide as 
needed over a period of 7} hours to keep the bath ac- 
tively depositing electroless copper m the developed 
channels of the resist where the copper cladding of the 
laminate had been uncovered. At the end of the time the 
resist had not blistered or lifted. The sample was dipped 
into warm sulfuric add for 30 seconds and given 2 
joules of UV exposure. The bulk of the resist was re- 
moved after 5 minutes in the ASI spray processor with 
0.5% sodium hydroxide after 5 minutes. 

EXAMPLE 7 

Resist solution 7A was prepared by dissolving 3.0 
grams of Polymer #8 prepared by free radical polymer- 
ization, 0.4 grams of dibutyl phthalate, 0.48 grams of 
benzophenone, 0.004 grams of chlorothioxanthone, 0.2 
grams Cyracure 6974, and 0.002 grams of Victoria 
Green dye into six grams of methylethyl ketone. A 
coating was drawn on 92 gauge polyester with a six mil 
doctor knife to give a 0.8 mil thick dry film resist after 
drying. Another coating was drawn with a 10 mil knife 
to give a resist 1.8 mils thick. These coatings were lami- 
nated to scrubbed copper clad epoxy laminate. The 
thinner resist devdoped clean at 12 seconds after an 
exposure 200 mj/cm^; the thicker resist developed clean 
in 15 seconds after an exposure of 400 nu/cm^. These 
resists were laminated to both sides of scrubbed copper 
clad epoxy pands over a pattern of through holes in the 
laminate which were 34 mils and 96 mils in diameter. 
After passing through a 0.5% sodium hydroxide solu- 
tion at 105* F. in an ASI spray devdoper at 30 psi spray 
pressure top and t)ottom for 15 seconds, the pand with 
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the 0.8 mil resist had 99% of the 34 mil tents intact. On 
the 1.8 mil resist, after 120 seconds under the same 
conditions, 80% of the 96 mil tents survived. 

EXAMPLE 8 

Solutions were prepared by dissolving 1.5 grams of 
the polymers in Table 5 below into 3 grams of methyl- 
ethyl ketone and coating the solution onto 92 gauge 
polyester with a six mil knife and air drying. An at- 
tempted lamination was then made with each of these 
coatings in the standard fashion for a dry film resist, 
they were passed through the nip of a Du Pont HRL 
hot roU laxninator set at 105* C. at 2 fpm. along with a 
scrubbed piece of copper clad glass epoxy. The results 
of this trial, summarized in Table 5, indicate that the Tg 
of the coating must be below 60* to 70* C. for a proper 
lamination of the resist 

TABLE 5 



Polymer** 




Lunination Result 


Polymer #2 


9r c. 


Would not laminate, very brittle 






and badly cracked 


Polymer #8 


97* C. 


Would not laminate . 


Polymer #9 


91* C. 


Would not laminate, very brittle 






and badly cracked 


Polymer #10 


«rc. 


Only partial lamination, badly 






cracked 


Polymer #11 


80* c. 


Laminated, but cracked 


Polymer #12 


70* c 


Mostly laminated, but cracked 


Polymer #14 


68* C 


Laminated, no cracks, but air 






entrapment* . 


Polymer #13 


58' C. 


Laminated, no cracks, air 






entrapment 


Polymer #13 


38' C. 


Good lamination 


Polymer #1 


49' C. 


Good lamination 
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*Air cntrtpnent ii the condition where pockets of air are trapped at the interface or 
the icrisi and the meven surface of the copper because of insnfTideni flow of the 
sesist lUin at Isminaiion 35 
••All of the diove ixslynen are within the iDvention but results identify preferred 
iinges of Tf fiv bmlnstion 

As many differing embodiments of this invention may 
be made without departing from the spirit and scope 
thereof, it is to be understood that this invention is not ^ 
limited to the specific embodiments except as defined in 
the appended claims. 

Having described the invention, we now claim the 
following and their equivalents. 

What is claimed is: 

1. A dry film photoresist element comprising a thin 
flexible polymeric film support having acUiered thereto 
with low to moderate adherence a soUd. photosensitive 
layer having a thickness of about 8 microns or greater, 
said layer comprising the following composition: 
(a) a polymer chosen from the group consisting of 
compositions having a polymer backbone and pen- 
dant acid-labile groups which are bound directly or 
indirectly to the polymer backbone, said pendant 
acidlabUe groups represented by the formula: 



o H 

II 11,^ 
c— o— c— c— 

0R2 



o 

It 



r 



— c-d— (ch2)„-c6h4-0— c-cr^r* 
or2 



where is hydrogen r lower alkyl; is lower 
alkyl; and R^ and R^ independently are hydrogen 
or lower alkyl where the defmition of lower alkyl 
includes the joining of R' and R^ or R' and either 
R3 or R^ or R2 and either R^ or R* to form a 5-, 6-, 
or 7-membered ring; 
(b) an initiator system comprising an initiator or an 
Initiator and at least one sensitizer that generates, 
upon exposure to actinic radiation having a wave- 
length between about 3000A and about 9000A, a 
catalytic amount of a strong acid. 

2. The dry film photoresist element described in claim 
1 wherein the solid photosensitive layer contains a plas- 
ticizer. 

3. The dry film photoresist element described in claim 
i wherein the solid photosensitive layer contains a col- 
orant 

4. The dry film photoresist element described in claim 
1 wherein the solid photosensitive layer contains an 
adhesion promoter. 

5. The dry film photoresist element described in claim 
1 wherein the solid photosensitive layer contains a sur- 
factant 

6. The dry film photoresist element of claim 1 
wherdn said polymer is selected from a homopolymer, 
copolymer, terpolymer and block polymer. 

7. The dry film photoresist element of claim 6 
wherein said polymer comprises a copolymer of benzyl 
methacrylate and tetrahydropyranyl methacrylate. 

8. The dry film photoresist element of claim 1 
wherein an acid labile monomer used to form said poly- 
mer is selected from the group comprising: 

1-ethoxyethyl methacrylate, 
1-ethoxyethyl acrylate 
1-butoxyethyl methacrylate, 
1-butoxyethyl acrylate, 
1-ethoxy-l-propyl methacrylate, ' 
l-cthoxy-l-propyl acrylate, 
tetrahydropyranyl methacrylate, 
tetrahydropyranyl acrylate, 
tetrahydropyranyl p-vinylbenzoate, 
1-ethoxy-l-propyl-p-vtnylbenzoate, 
4-(2-tetrahydropyranyloxy)benzyl methacrylate, 
4-(2-tetrahydropyranyloxy)benzyl acrylate, 
4-(l-butoxyethoxy)benzyl methacrylate, and 
4-(l-butoxyethoxy)bcn2yl acrylate. 

9. The dry fihn photoresist element of claim 1 
wherein a monomer used to form said copolymer, ter- 
polymer or block polymer comprises tetrahydropyra- 

50 nyl methacrylate. 

10. The photoresist element of claim 1 wherein said 
polymer comprises a homopolymer of 4-(2-tetFBhy- 
dropyranyloxy)benzyl methacrylate. - 

11. The photoresist element of claun 1 wherein said 
SS polymer is selected from the group comprising an 

acrylic a n&ethacrylic, a vinyl, urethane or polyester 
polymer. 

. 12. The photoresist element of claim 6 wherein the 
polymer contains one or more c(»nottomers having no 
60 pendant acid labile groups. 

13. The photoresist element of claim 12 wherein the 
comonomer having no pendant acid labile groups is 
selected from the group comprising: methyl methacry- 
late, butyl methacrylate, benzyl methacrylate, benzyl 
acrylate, styrene, 2-ethylhexy] methacrylate and cyclo- 
hexyl methacrylate. 

14. The photoresist element of claim 13 wherein one 
of the monomers is benzyl methacrylate. 
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15. The photoresist element of daim 11 wherein said ^' photoresist of claim 1 wherein the acid gener- 
polymer is selected from the group consisting of poly- Z^S:^^^''^'"^'''''''""'^''^'^ 
methacrylates, polyacrylates and polystyrenes. 21. The photoresist element of claim 1 wherein the 

16. The ph toresbt element f claim 1 wherein said 5 acid generator is boizoin tosylate. 

polymer is prepared by group transfer polymerization. '"'^ Photoresist element of claim 1 wherein the 

-1 ^ • . , ^ , . - * . . , ^cid generator is tnarylsulfomum hexafluoroantimon- 

17. The photoresist element of claim 1 wherem said 

polymer is prepared by free radical polymerization. 23. The photoresist element of claim 18 wherein the 

18. The photoresist element of claim 1 wherein the initiator system contains at least one sensitizer. 

. . ' ^. ^ ... 24. The photoresist element of claim 18 wherein the 

mitiator system that generates acid upon exposure to ^^^J^^^ ^^^^ ^ 1^^^ 

actinic radiation is selected from the group comprising weight of the photoresist composition. 

diazonium, phosphonium, sulfonium, iodonium salts, 25. The photoresist element of claim 24 wherein the 

halogen compounds, organometal/organohalogen com- acid generator in the composition comprises about 0.5% 

g «,mpuu«u5, org cworganuiiaiogcncom to about 6% by weight. 

bmations, benzom esters and o-mtrobenzyl esters of 26, The photoresist element of ckim 1 wherein the 

strong adds, and N-hyidroxyamide and N-hydroxyi- Tgof the resist composition is adjusted so that the com- 

fflide sulfonates, and aryl naphthoqttinonediazide-4-sul- position flows at a lamination temperature of about 100" 

fomites. 20 C to 110- C 

^ . . * , . , . 27. The photoresist ofclaim 26 wherein the Tg is 15' 

19. The photoresist element of clami 18 wherem the q ^« ^ 

acid generator comprises diphenyliodonium tosylate. * « « * • 
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[57] ABSTRACT 

Positive photoresist compositions which can be developed 
in aqueous-alkaline media, comprising 

(a) at least one homopolymer or copolymer containing 
acid-labile a-alkoxyalkyl ester groups, 

(b) at least one carboxyl-containing copolymer in which 
the content of carboxyl groups is from 0.40 to 5.50 
mol/kg, 

(c) at least one compound which forms an acid on 
exposure to actinic radiation, and 

(d) an organic solvent, 

have high photosensitivity, a long shelf life of the compo- 
nents and of coatingis produced therefrom and are particu- 
larly suitable as etch resists for the production of printed 
circuits. 

14 Claims, No Drawings 
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POSITIVE PHOTORESIST WITH AN 
ALKOXYALKYL ESTER GROUP- 
CONTAINING (CO)POLYMERAND 
CARBOXYL-GROUP CONTAINING (CO) 
POLYMER 

This application is a continuation-in-part of Ser. No. 
08/476,915, filed Jun. 7, 1995, now abandoned. 

The present invention relates to a positive photoresist 
composition which can be developed in aqueous-alkaline 
media, and to a process for the production of relief structures 
using this photoresist composition. 

The lithographic production of relief structures on 
diverse substrates is frequently carried out using etch resists 15 
which contain a binder containing acid-sensitive groups and 
an acid photogenerator. 

JP Kokai Hei 02-248952 describes photoresist composi- 
tions based on phenolic resins all or some of whose bydroxyl 
groups are substituted by tetrahydropyranyl ether groups. 
These compositions are distinguished by a high resolution 
capacity. However, they have the disadvantage of requiring 
heat treatment after exposure. 

JP Kokai Hei 05-17711 discloses an etch resist compo- 
sition comprising a copolymer of (meth)acrylic acid, tet- 
rahydropyranyl (me th) aery late and an alkyl acrylale and an 
acid photogenerator. This composition is deposited on the 
substrate by electrodeposition coating, giving a film of high 
homogeneity. However, the photosensitivity of this resist is 
relatively low. In addition, this process also requires heat 
treatment after exposure. 

U.S. Pat. No. 5,252,427 describes copolymers which 
contain both acid-sensitive groups and free acid groups and 
which can be used in combination with conventional acid 
photogenerators as etch resists. However, the thermal sta- 
bility of both the copolymers and the coatings produced 
therefrom is inadequate for certain applications, 

llie mixtures of copolymers containing acid-sensitive 
groups and copolymers containing free add groups which 40 
are described in EP-A 568 827 can also be employed in 
combination with conventional add photogenerators as base 
resins for positive photoresists. These photoresists again 
have the disadvantage of relatively low photosensitivity and 
of requiring heat treatment after irradiation. 

It has now been found that the use of mixtures of specific 
organic homopolymers or copolymers gives photoresist 
materials of high photosensitivity which do not require 
thermal aftertreatment, have a long shelf life and give relief 
structures of good resolution. 

The present invention relates to a positive photoresist 
composition which can be developed in aqueous-alkaline 
media, comprising 

(a) at least one homopolymer or copolymer containing 55 
acid-labile a-aUcoxyalkyl ester groups, 

(b) at least one carboxyl-containing copolymer in which 
the content of carboxyl groups is from 0.40 to 5.50 
mol/kg, 

(c) at least one compound which forms an acid on 
exposure to actinic radiation, and 

(d) an organic solvent. 

Component (a) is preferably a homopolymer or copoly- 



(la) 



R, Rj 
1 1 

— c — c — 




1 1 
R2 X 










— C— C — R7, 

1 1 




OR4 Rfi 



(lb) 
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Rs Rio 

■C— C- 

I I 
R9 R„ 



in which 

X is a direct bond or a divalent organic group having 1-18 
carbon atoms, in which one or more carbon atoms may 
be replaced by oxygen, sulfur or non-basic nitrogen 
atoms, 

Rj, R2 and R3, independently of one another are 
hydrogen, Cj-C^alkyl, C5-C34aryl, C6-C2oaralkyl, 
halogen, — COOH, — C00Rj2 or — CONR13R14, 
where is an unsubstituted or Cj-Cgalkoxy-, 
hydroxcyl- or halogen-substituted Cj-Cjgalkyl group 
or the radical of a hydroxyl-terminated polyether or 
polyester, and R^g and Rj4, independently of one 
another, are hydrogen, Ci-C^galkyl, C5-Ci4aryl or 
Ce-Cioaralkyl, 

R4 is Cj-C^alkyl or phenyl, 

R5 is hydrogen or Cj-Cgalkyl, and 

Rg and R^, independently of one another, are hydrogen, 
Cj-Cg alkyl or Ci-C^alkoxy, or two of the radicals R4, 
R5, Rg or R7, together with the carbon or oxygen atoms 
to which they are bonded, form a 5- to 8-membered 
ring, 

Rg, R9, R;^o ^11 > independently of one another, are 
hydrogen, Ci-C^Qalkyl, unsubstituted or C^-Cg-alkyl-, 
C^-Cgalkoxy- or halogen-substituted phenyl, halogen, 
Ci-Cigalkoxy, — COOR12, — OCORjj or —COOH, in 
which Ri2 is as defined above, or Rp and R^j together 
with the carbon atoms to which they are bonded, form 
a five-membered ring having the structure 

Rs Rio 
-c — c- 



N 
I 

Rl5 



in which R^j is hydrogen, Cj-C^gaikyl, C5-Ci4aryl, 
Cg"C2oaralkyi or hydroxyl-, alkoxy- or halogen- 
substituted phenyl, 
60 with the proviso that the mean molecular weight (weight 
average) of the homopolymer or copolymer is 1000-500, 
000 and the amount of COOH groups is at most 0.4 mol/kg. 

The divalent radical X can be any divalent aliphatic, 
cycloaliphatic, aromatic, araliphatic or heterocyclic radical 
mer comprising 8-100% by weight of recurring structural 65 having 1-18 carbon atoms and may, if desired, contain 
units of the formula la and 92-0% by weight of recurring hetero atoms, such as O, N or S, or fiinctional groups^ such 
structural units of the formula lb as carbonyl groups or ester groups. 



03/22/2004, EAST Version: 1.4.1 



5,939,242 



Hie term non-basic nitrogen atoms is talcen to mean 
quaternized nitrogen atoms or nitrogen atoms containing 
electronegative substituents, for example carbonyl groups. 

Alkyl or alkoxy groups to or alkyl or alkoxy 
groups as substituents of phenyl groups may be straight- 
chain or branched. Examples which may be mentioned are: 
methyl, ethyl, n-propyl, i-propyl, n-butyl, sec-butyl, tert- 
butyC n-pentyl» neopentyl, n-hexyl, 2-ethylhexyl, methoxy, 
ethoxy, n-propoxy, i-propoxy, n-butoxy, sec-butoxy, tert- 
butoxy, n-pentoxy, neopentoxy and n-hexoxy. 

Halogen atoms as substituents are preferably bromine or 
chlorine atoms. 

In the formula la, and Rj are preferably hydrogen, and 
R3 is hydrogen or methyl. 

Component (a) is particularly preferably a homopolymer 
or copolymer comprising recurring structural units of the 
formula III 



10 



15 



!■ r 

L Rj 




(in) 



X) 



25 



in which 

Ri, R2 and R3, independently of one another, are 
hydrogen, Ci-Cgalkyl, phenyl or halogen. 

Component (a) is especially preferably a homopolymer or 
copolymer comprising recurring structural units of the for- 
mula III in which R^ and Rj are hydrogen and R3 is 
hydrogen or methyl. 

Component (b) is preferably a homopolymer or copoly- 
mer comprising 5-40% by weight of recurring structural 
units of the foraiula Ila and 95-60% by weight of recurring 
structural units of the formula lib 



30 



35 



rr 

L ^2 \. 



(Ila) 



COOH 



Rs Rio 

m 

R9 Rii 



(lib) 
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in which 



X is a direct bond or a divalent organic group having 1-18 
carbon atoms, in which one or more carbon atoms may 
be replaced by oxygen, sulfur or non-basic nitrogen 
atoms. 
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hydrogen, Ci-Cgalkyl, C5-Ci4aryl, C6-C2oaralkyl, 60 
halogen, —COOH, — C00Rj2 or — CONR^gR^^, 
where R^2 ^ unsubstituted or C^-Cgalkoxy-, 
hydroxyl- or halogen-substituted C^-Cigalkyl group or 
the radical of a hydroxyl-terminated polyether or 
polyester, and R13 and R14, independently of one 
another, are hydrogen, Ci-Cigalkyi, C5-Ci4aryl or 
C^oaralkyi, 



R4 is Cj-C^alkyl or phenyl, 

R3 is hydrogen or C^-C^alkyl, and 

Rg and R7, independently of one another, are hydrogen, 
Cj-C^alkyl or Cj-C^alkoxy, or two of the radicals R4, 
R5, R(j or R7, together with the carbon or oxygen atoms 
to which they are bonded, form a 5- to 8-membered 
ring, 

Rs, Rp, Rjo and R^^, independently of one another, are 
hydrogen, C^-C^Q2i\kyl, unsubstituted or C^-Cg-alkyl-, 
Cj-Cgalkoxy- or halogen-substituted phenyl, halogen, 
Cj-Cigalkoxy, — COORij, — OCOR^^ or —COOH, in 
which R-12 is as defined above, or Rp and R^j together 
with the carbon atoms to which they are bonded, form 
a five-membered ring having the structure 



Rs 



20 



Rio 

l_l 



Ris 



40 



in which is hydrogen, C^-Cigalkyl, C^-<:^^djyU 
C^i-Cjoaralkyl or hydroxyl-, alkoxy- or halogen- 
substituted phenyl, with the proviso that the mean 
molecular weight (weight average) of the copolymer is 
1000-500,000 daltons and the content of carboxyl 
groups is from 0.40 to 5^0 mol/kg, preferably from 
0.45 to 4.00 mol/kg and in particular from 0.50 to 3.00 
moVkg. 

Component (b) is preferably a homopolymer or copoly- 
mer comprising recurring structural imits of the formula Ila 
in which R^ and R2 are hydrogen, R3 is hydrogen or methyl, 
and X is a direct bond. 

In the structural units of the formula lib, Rg and Rp are 
preferably hydrogen, R^q is hydrogen or methyl, and R^ is 
preferably phenyl or — COOR12, in which R^j is 
C^-Ci^lkyl. Preference is furthermore given to copolymers 
comprising recurring structural units of the formula 

H H 

I I 
-c — c- 



45 



N 
I 

Rl5 



in which R15 is phenyl. 

Especially preferred components (b) contain 7-35% by 
weight, in particular 10-30% by weight, of recurring struc- 
tural units of the formula Ila and 93-65% by weight, in 
particular 90-70% by weight, of recurring structural units of 
the formula lib. 

The homopolymers and copolymers of components (a) 
and (b) can be prepared in a known manner by anionic, 
cationic or group-transfer polymerization or in particular by 
free -radical polymerization on the corresponding unsatur- 
ated monomers. 

The free-radical polymerization or copolymerization can 
be carried out using various methods. These have been 
described, for example, by S. Sandler and W. Karo in 
"Polymer Synthesis", Vol. 1, pp. 3-17, 1968, Academic 
Press, New York. Examples of conventional polymerization 
65 processes are bulk and solution polymerization, and further- 
more emulsion, suspension and precipitation polymeriza- 
tion. 
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If desired, the molecular weight can be adjusted by adding 
small amounts of a regulator. 

The polymerization is generally initiated by a conven- 
tional free-radical initiator. These include thermal initiators, 
such as azo compounds, for example a,a'> 
azoisobutyronitrile (AIBN), or peroxides, for example ben- 
zoyl peroxide, or redox initiator systems, such as the mixture 
of iron(III) acetylacelonate, benzoin and benzoyl peroxide, 
or photochemical free-radical formers, such as benzoin or 
beozil dimethyl ketal. 

The polymerization is preferably carried out in solution. 
The reaction temperature is generally in the range from 10 
to 200° C, preferably from 40 to 150** C, particularly 
preferably from 40 to lOO*" C. 

Any solvent present must be inert under the reaction 
conditions. Examples of suitable solvents are aromatic 
hydrocarbons, chlorinated hydrocarbons, alcohols, ketones 
and ethers. Examples thereof are: benzene, toluene, xylenes, 
etbylbenzene, isopropylbenzene, ethylene chloride, propy- 
lene chloride, methylene chloride, chloroform, methyl ethyl 
ketone, acetone, metboxypropyl acetate, isopropanol, 
cyclohexanone, diethyl ether and tetrahydrofuran. 

Examples of suitable monomers for the preparation of 
homopolymers or copolymers containing acid-labile 
a-alkoxyalkyl ester groups are 1-ethoxyethyl acrylale, 
methacrylate and p-vinylbenzoale, 1-butoxyethyl aery late, 
methacrylate and p-vinylbenzoate, 1-ethoxy-l -propyl 
acrylate, methacrylate and p-vinylbenzoate, and tetrahydro- 
pyranyloxy acrylate, methacrylate and p-vinylbenzoate. 

Particular preference is given to tetrahydropyranyl acry- 
late and methacrylate. 

The monomers containing acid-labile a-alkoxyalkyl ester 
groups can be homopolymerized or alternatively copolymer- 
ized with one or more further monomers. 

Examples of suitable monomers for the preparation of 35 
copolymers are ethylene, propylene, styrene, vinyl chloride, 
vinyl acetate, acrylic and methacrylic acid, methyl acrylate 
and methacrylate, ethyl acrylate and methacrylate, butyl 
acrylate and methacrylate, benzyl acrylate and methacrylate, 
2-ethylhexyl acrylale and methacrylate and 2-hydroxyethyl 
acrylate and methacrylate. 

Preference is given to methyl acrylate, methyl 
methacrylate, ethyl acrylate, butyl acrylate, benzyl 
methacrylate, 2-ethylhexyl methacrylate and 
2-hydroxyethyl methacrylate. 

The caiboxyl-containing homopolymers and copolymers 
of component (b) can be prepared analogously by free- 
radical polymerization of the corresponding unsaturated 
carboxylic acids. 

Examples of suitable carboxylic acids are maleic acid, 
itaconic acid, cinnamic acid, crotonic acid, p-vinylbenzoic 
acid and in particular acrylic acid and methacrylic acid. 

The unsaturated carboxylic acids can be copolymerized 
with one or more further monomers, for example ethylene, 
propylene, styrene, vinyl chloride, vinyl acetate, methyl 
acrylate and methacrylate, ethyl acrylate and methacrylate, 
butyl acrylate and methacrylate, benzyl acrylate and 
methacrylate, 2-ethylhexyl acrylate and methacrylate, 
2-hydroxyethyl acrylate and methacrylate and 
N-phenylmaleimide. 

Preferred comonomers are methyl acrylate, methyl 
methacrylate, ethyl acrylate, butyl acrylate, benzyl 
methacrylate, tert-butyl acrylate, tert-butyl methacrylate, 
2-ethylhexyl methacrylate and N-phenylmaleimide, 
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weight, of recurring structural units of the formula la and 
80-4)% by weight, in particular 70-0% by weight, of recur- 
ring structural units of the formula lb. 

Component (b) in the compositions according to the 
invention preferably comprises at least one copolymer com- 
prising 5-35% by weight, in particular 10-30% by weight of 
recurring structural units of the formula Ila and 95-65% by 
weight, in particular 90-70% by weight, of recurring struc- 
tural units of the formula lib. 

The mixing radio between components (a) and (b) can 
vary within a broad range. The compositions according to 
the invention preferably comprise 10-95% by weight, in 
particular 20-80% by weight, of component (a) and 90-5% 
by weight, in particular 80-20% by weight, of component 
(b), based on the stun of components (a)-i^). 

Component (c) can in principle be any compound which 
forms an acid on exposure to actinic radiation which is 
known to the skilled worker in resist technology, for 
example onium salts, disulfones, iron/arene complexes, 
compounds containing photolabile halogen atoms (for 
example halomethyltriazines, tetrabromomethane, etc), sul- 
fonic acid esters, for example nitrobenzyl sulfonate, oxime 
sulfonates, a-sulfonyloxyketones, 
N-hydroxyimidosulfonates and N-hydroxyamidosulfonates. 

Examples of suitable photoinitiators are described in 
EP-A 451 741 and EP-A 568 827. 

Component (c) is preferably a photosensitive diazonium, 
sulfonium, sulfoxonium or iodoniura salt or a photosensitive 
sulfonic acid ester. 

Component (c) is particularly preferably triphenylsulfo- 
nium triiluoromethanesulfonate, triphenylsulfonium 
hexafluoroantimonate, triphenylsulfonium 
hexafluorophosphate, triphenylsulfonium hexafluoroanti- 
monate or a hexafluorophosphate or hexafluoroantimonate 
of the following sulfonium ions: 
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in which m is an integer from 1 to 10. 

Component (c) is generally employed in an amount of 
from 1-20% by weight, preferably 2-10% by weight, based 
on the sum of components (a)+(b). 

If expedient, sensitizers can be added to the compositions 
according to the invention. These sensitizers increase the 
spectral sensitivity of the photoinitiator system at the desired 
wavelength. The choice of suitable sensitizer depends essen- 
tially on the photoinitiator selected. For example, sulfonium 
and iodonium salts only have adequate photosensitivity at 
wavelengths of <350 nm. The sensitivity of such compounds 



Component (a) in preferred compositions according to the 65 at higher wavelengths can be signiflcantly increased, for 
invention comprises at least one homopolymer or copolymer example, by adding aromatic hydrocarbons, such as 
comprising 20klOO% by weight, in particular 30-100% by perylene, pyrene, anthracene and derivatives thereof, phe- 
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nolhiazine or phenothiazine derivalives^ or unsubstituted or The solution is applied uniformly to a substrate by known 

substituted tbioxanthone. The aminoaryl ketones disclosed, coating methods, for example by spincoating, dipping, knife 

for example, in U.S. Pat. No. 4,755,450 are also suitable as coating, curtain coating, brushing, spraying and especially 

sensitizers for sulfonium and iodonium salts. Other suitable by electrostatic spraying and reverse-roll coating. It is also 

sensitizers are the arylidenc aryl ketones disclosed in U.S. 5 possible to apply the photosensitive coating to a temporary, 

Pat. No. 4,162,162. flexible support and then to coat the final substrate, for 

The compositions according to the invention can include example a copper-laminated circuitboard, by transferring the 

further conventional additives, for example stabilizers, coating by lamination. 

pigments, dyes, fillers, adhesion promoters, flourK:ontrol appUcation rate (coating thickness) and the substrate 

agents, wettmg agents and plasUcizers. ^. , , 10 type (coating support) depend on the desired area of appli- 

In Older to mcrcasc the shetf hfe, it may be expedient to /^.^ ^oatkig thickness range generally covers values 

add small amounts of weakly basic additives to the compo- f ^0 ^, preferably ll5 fm^, 

sitions according to the invention. Examples of suitable ^_ . . . 7^' f . ^ . . 

basic compounds are primary, secondary and tertiary , ^fter the coatmg the solvent is general y removed by 

aliphatic, cycloaliphatic and aromatic amines and drying preferably at temperatures of from 20 C. to 100 C, 

N-heterocycUc compounds. Examples which may be men- givmg a coatmg of the composition accordmg to the mven- 

tioned are: triethylamine, tripropylamine, tributylamine, 0° substrate. 

aniline, N-methylaniline, N,N-dimethylaniline, In order to produce reUef structures, the substrate coated 

1- naphlhylamine, 2-naphthylamine, diphenylamine, with the composition according to the invention is exposed 
ethylenediamine, hexamethylenediamine, 4,4*- imagewise to actinic radiation. The term "actinic radiation" 
diaminodiphenylmethane, 4,4'-diaminodiphenyl ether, 4,4'- 20 is generally taken to mean UV or VIS radiation, preferably 
diaminobenzopheoone, 4,4'-diaminodiphenylamine, pyrroli- in the wavelength range of 220-550 nm. The term "image- 
dine and derivates thereof, piperidine and derivates thereof, wise" exposure covers both exposure through a photomask 
imidazole and derivates thereof, for example containing a predetermined pattern and exposure by a laser 
4-methylimidazole, 4-methyl-2-phenylimidazole, 4,5- beam, which is moved, for example, under computer 
diphenylimidazole and in particular 1-methylimidazole. 25 control, over the surface of the coated substrate. 

The amount in which the basic additives are expediently Radiation sources which can be used are in principle all 

added depends essentially on the amount of acid photoge- lamps which emit radiation in the UV and/or VIS region, 

nerator (c), and is preferably 0.01-5.0 mmol, in particular Both point light sources and spread emitters (lamp carpets) 

0.02-2.0 mmol, of basic additive per gram of acid photo- are suitable. Examples are: carbon arc lamps, xenon arc 

generator. 30 lamps, mercury vapour lamps, if desired doped with metal 

A stabilizing action is also achieved if the polymers of halides (metal halide lamps), fluorescent lamps, argon incan- 

components (a) and/or (b) contain small amounts of basic descent lamps, electronic flash lamps, photographic flood 

substituents, for example amino groups. In order to prepare lamps, electron beams and X-rays. The distance between the 

such polymers, a small amount of unsaturated monomers lamp and the novel image material can vary depending on 

containing basic substituents is added to the unsaturated 35 the application and lamp type and strength, for example 

starting monomers during the free-radical polymerization. between 2 cm and 150 cm. Particularly suitable are laser 

Examples of suitable monomers containing basic substitu- light sources, for example argon ion lasers and krypton ion 

ents are amino-substituted acrylates, such as lasers. Laser light also allows the resist to be exposed 

2- dimethylaminoethyl acrylate, 2-dimethylaminoethyl without a mask by writing the controlled laser beam directly 
methacrylate, 2-diethylaminoethylacrylate, 40 on the resist layer. The high sensitivity of the novel materials 
2-diethylaminoethyl methacrylate, is very advantageous here, allowing high writing speeds at 
dimethylaminopropylacrylamide, relatively low intensity. This method allows the production 
dimethylaminopropylmethacrylamide, 2-t-butylaminoethyl of printed circuits in the electronics industry, lithographic 
acrylate and 2-t-butylaminoethyl methacrylate, and ofl&et printing plates or relief printing plates and photo- 
vinylpyridines, such as 2-vinylpyridine or 4-vinylpyridine. 45 graphic image-recording materials. 

The amount in which such comonomers containing basic In contrast to many known positive photoresist systems 

substituents are expediently employed depends essentially based on chemical amplification, there is surprisingly no 

on the amount of acid photogenerator (c) and is preferably need when using the compositions according to the inven- 

0.01-5.0 mmol, in particular 0.02-2.0 mmol, of comonomer tion to subject the resist to heat treatment after exposure, 

containing basic substituents per gram of acid photogenera- 50 known as "post exposure bake", in order to ensure complete 

tor. reaction of the acid-sensitive groups in the polymer structure 

The choice of solvent and concentration depends princi- with the acid generated by the exposure and to remove 

pally on the composition type and on the coating method. volatile reaction products. 

The solvent must be inert, ie. it must not undergo any Ifdesired, however, such heat treatment can be carried out 

chemical reaction with the components and it must be 55 without adverse consequences for the exposed structures, 

removable again during drjdng after coating. Examples of After the material has been exposed imagewise in the 

suitable solvents are ketones, ethers and esters, such as conventional manner, the exposed areas of the photoresist 

methyl ethyl ketone, 2-heptanone, cyclopentanone, are removed by dissolution in a developer, 

cyclohexanone, y-butyrolactonc, ethyl pyruvate, diethylene The choice of the particular developer depends on the 

glycol dimethyl ether, 2-methoxyethanol, 2-ethoxyethanol, 60 type of photoresist, in particular on the nature of the binder 

2-ethoxyethyl acetate, l-methoxy-2-propyl acetate, 1,2- used or the photolysis products formed. The developer can 

dimethoxyethane, ethyl acetate and 3-methoxymetbyl pro- comprise aqueous solutions of bases to which organic sol- 

pionate. vents or mixtures thereof may have been added. 

The preferred solvent is methoxypropyl acetate. Particularly preferred developers are aqueous-alkaline 

The solids content of the compositions depends on the 65 solutions, as also employed for the development of naph- 

application method and on the desired coating thickness and thoquinone diazide coatings. These include, in particular, 

is typically from 10 to 80% by weight. aqueous solutions of alkali metal silicates, phosphates. 
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hydroxides and carbonates. If desired, relatively small Analogously to Example I.l, a solution of 25.2 g (148 

amounts of wetting agents and/or organic solvents can also mmol) of 2-tetrahydropyranyl methacrylate, 10.4 g (104 

have been added to these solutions. mmol) of methyl methacrylate, 4.4 g (22 mmol) of 

Examples of typical organic solvents which may be added 2-ethylhexyl methacrylate and 1 g of azoisobutyronitrile in 

to the developer fluids are cyclohexanone, 2-ethoxyethanol, 5 60 g of methoxypropyl acetate is stirred for 8 hours under 

acetone, isopropanol, ethanol and mixtures of two or more nitrogen. The resultant solution of the copolymer (M„o7237, 

of these solvents. M^=48,154) can be further processed directly. 

The radiation-sensitive compositions according to the 1.3. Copolymer of 2-tetrahydropyranyl methacrylate, methyl 

invention are suitable as photoresists for electronics, in methacrylate and 2-hydroxyethyl methacrylate 

particular as etch resists for the production of printed circuits lO A solution of 56.7 g (333 mmol) of 2-tetrahydropyranyl 

or as microresists for the production of integrated circuits, methacrylate, 23.4 g (234 mmol) of methyl methacrylate, 

and for the production of printing plates, for example offset 9.9 g (76 mmol) of 2-hydroxyethyl methacrylate and 2 g of 

printing plates. azoisobutyronitrile in 50 g of methoxypropyl acetate is 

In the preferred use of the composition according to the added dropwise over the course of one hour with stirring at 

invention, as etch resists, the metal uncovered by the 15 80** C. under nitrogen to a mixture of 6.3 g (37 mmol) of 

development, usually copper, can be removed using any 2-tetrahydropyranyl methacrylate, 2.6 g (26 mmol) of 

known etchanl, for example solutions of iron chloride, methyl methacrylate, 1.1 g (9 mmol) of 2-hydroxyethyl 

hydrogen peroxide/phosphoric acid, ammonium persulfate methacrylate and 100 g of methoxypropyl acetate. Stirring is 

or copper chloride. continued at 80^ C, and, one hour after the addition, a 

The photoresist coating which remains can subsequently 20 further 0.5 g of azoisobutyronitrile is added. The solution is 

be removed by stripping with strong aqueous bases, for subsequently stirred at 80* C. for 6 hours. The resultant 

example NaOH or KOH, and/or organic solvents. solution of the copolymer (M„-8103, M,^,-47,096) can be 

The present invention thus fiLrthermore relates a process further processed directly, 

for the production of relief structures on a circuit board, 1.4. Copolymer of 2-tetrahydropyranyl acrylate and methyl 

which comprises coating a substrate with a composition 25 methacrylate 

according to claim 1 and exposing the film obtained after A solution of 34.02 g (218 mmol) of 2-t6trahydropyranyl 

removal of the solvent imagewise and subsequently devel- acrylate, 19.98 g (200 mmol) of methyl methacrylate and 1.2 

oping the exposed film in an aqueous-alkaline medium. g of azoisobutyronitrile in 30 g of methoxypropyl acetate is 

A preferred embodiment of the invention is a process for added dropwise over the course of 1.5 hours with stirring at 

the production of relief structures which comprises the 30 80"* C. under nitrogen to a mixnire of 3.78 g (24 mmol) of 

following steps: 2-tetrahydropyranyl acrylate, 2.22 g (22 mmol) of methyl 

(A) coating a copper-laminated substrate with a composition methacrylate and 60 g of methoxypropyl acetate. Stirring is 
according to claim 1 by application of liquid resists by continued at 80° C, and, one hour after the addition, a 
known methods; fiirther 0.3 g of azoisobutyronitrile is added. The solution is 

(B) removalof the solvent by drying at temperatures of firom 35 subsequently sirred at 80° C. for a further 5.5 hours. The 
30° C. to 130° C; resultant solution of the copolymer (M„=8108, M^=32,167) 

(C) exposure to actinic radiation through a mask or by means can be fiurther processed directly. 

of direct laser irradiation; L5. Copolymer of methacrylic acid, methyl methacrylate 

(D) development using aqueous-alkaline or semiaqueous- and 2-ethylhexyl methacrylate 

alkaline developer solutions; 40 Analogously to Example LI., a solution of 4.0 g (47 

(E) etching with acidic or weakly alkaline etchant^ mmol) of methacrylic acid, 12.0 g (120 mmol) of methyl 

(F) removal of the photoresist coating which remains by methacrylate and 4.0 g (20 mmol) of 2-ethylhexyl meth- 
stripping with strong aqueous bases and/or organic sol- acrylate and 0.5 g of azoisobutyronitrile in 30 g of isopro- 
vents. panol is stirred for 8 hours under nitrogen. The resultant 
Particular mention should be made of the extremely good 45 solution of the copolymer (M„«^691, M^«54,540, acid 

thermal stability of the individual components and the conlent=1.13 mol/kg) can be further processed directly, 

resultant coatings on storage. 1.6. Copolymer of methacrylic acid, methyl methacrylate 

A suitable choice of the polymers of components (a) and and tert-butyl acrylate 

(b) also allows the mechanical properties of the resist A solution of 135 g (1.568 mol) of methacrylic acid, 630 

composition to be varied within a broad range. For example, 50 g (6.30 mol) of methyl methacrylate, 135 g (1.05 mol) of 

use of hard polymers allows very high mechanical strength tert-butyl acrylate and 12.5 g of azoisobutyronitrile in 500 g 

to be achieved. of isopropanol is added dropwise over the course of 2 hours 

EXAMPLES ^^^^ stirring at 80° C. under nitrogen to a mixture of 15.0 g 

(174 mmol) of methacrylic acid, 70 g (700 mmol) of methyl 

I. Preparation of the Polymers 55 methacrylate, 15.0 g (117 mmol) of tert-butyl acrylate and 

1.1. Poly-2-tetrahydropyranyl methacrylate 1000 g of isopropanol. Stirring is continued at 80° C, and, 
A solution of 10 g (59 mmol) of 2-tetraliydropyranyl one hour after the addition, a further 2.5 g of azoisobuty- 

methacrylate and 0.25 g of azoisobutyronitrile (AIBN) in 15 ronitrile are added. 

g of methoxypropyl acetate is stirred for 8 hours at 80° C. The solution is subsequently stirred at 80° C. for a further 

under a nitrogen atmosphere. The resultant solution of 60 5 hours. The resultant solution of the copolymer (M„b8880, 

poly-2-tetrahydropyranyl methacrylate (M„=4435, M^=91, M,^"27,422, acid content»0.75 mol/kg) can be further pro- 

593) can be further processed directly (without isolation of cessed directly. 

the polymer. L7. Copolymer of 2-tetrahydropyranyl methacrylate, methyl 

Acid content of the solution: 0.033 mol/kg; Acid content acrylate and 2-hydroxyethyl methacrylate 

after 9 months at room temperature: 0.040 mol/kg. 65 A solution of 34.02 g (200 mmol) of 2-tetrahydropyranyl 

1.2. Copolymer of 2-tetrahydropyranyl methacrylate, methyl methacrylate, 14.04 g (163 mmol) of methyl acrylate, 5.94 
methacrylate and 2-ethylhexyl methacrylate g (46 mmol) of 2-hydroxyethyl methacrylate and 1.74 g of 
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azoisobutyronitrile in 30 g of methoxypropyl acetate is to a mixture of 4.0 g ((26.5 mmol) of methacrylic acid, 14.0 

added dropwise over the course of 6 hours with stirring at g (140 mmol) of methyl methacrylate, 2.0 g (11.6 mmol) of 

70** C. under nitrogen to a mixture of 3.78 g (22 mmol) of N-phenylmaleimide and 200 g of methoxypropyl acetate. 

2-tetrahydropyranyl methacrylate, 1.56 g (18 mmol) of The solution is subsequenUy stirred at 135* C. for 6 hours, 

methyl acrylate, 0.66 g (5 mmol) of 2-hydroxyethyl melh- 5 The resultant solution of the copolymer (M„»3883, M^^IO. 

acrylate and 60 g of methoxypropyl acetate. Stirring is ^^id content«0.933 mol/kg) can be further processed 

continued at 70^ C, and, one hour after the addition, a direcdy. 

further 0.18 g of azoisobutyronitrile is added. The solution ^'^^ Copolymer of 2.tetrahydropyranyl acrylate, methyl 

is subsequently stirred at 70^ C. for a further hour. The nie^iacrylate and J-dimethylammoethyl 

resultant solution of the copolymer (M„=9074, M^=44,877) lo t ""^^^'^ ^ mmol) of 2.telrahydiopyranyl 

can be further processed d^Tectly. noi'^'^Cno' f^o^?'Ti\°^ methyl methacrylate, 

TO /- 1 f *u 1 -J *u 1 1. 0.27 g (1.72 mmol) of 2-dimethylaminoethyl methacrylate 

18. Copolymer of methacryUc acid, methyl methacrylate, ^ ^ g of azoisobutyronitrile in 50 g of methoxyprlopyl 

ethyl acrylate and methacrylamide ^^^^ ^ ^^^^^ ^ ^ ^^^^ 2 j^^^^ 

..t ? ? mmol) of methacrylic acid, 99 g ^^^^ jqo ^ ^^^^ ^ ^^^^^ ^3 ^37 

(990 mmol) of methyl methacrylate, 45 g (450 mmol) of 15 mmol) of 2.tetrahydropyranyl methacrylate, 3.67 g (36.7 

ethyl acrylate, 9.0 g (80 mmol) of methacrylamide and 2.5 ^mol) of methyl methacrylate, 0.03 g (0.19 mmol) of 

g of azoisobutyronitrile in 100 g of methoxypropyl acetate 2-dimethylaminoethyl methacrylate and 100 g of methox- 

is added dropwise over the course of 2.25 hours with stirring ypropyl acetate. Stirring is continued at 70* C, and, one 

at 80* C. under nitrogen to a mixture of 3.0 g (35 mmol) of hour after the addition, a further 0.5 g of azoisobutyronitrile 

methacrylic acid, 11 g (110 nunol) of methyl methacrylate, 20 is added. 

5.0 g (50 mmol) of ethyl acrylate, 1.0 g (9 mmol) of The solution is subsequently stirred at 70* C. for a further 

methacrylamide and 200 g of methoxypropyl acetate. Stir- 5 hours. The resultant solution of the copolymer (M„b9334, 

ring is continued at 80° C, and, one hour after the addition, M^-44,050) can be further processed directly, 

a further 0.5 g of azoisobutyronitrile is added. U examples 

The solution is subsequently stirred at 80* C. for a fiirther 25 n.l. Positive Etch Resist 

4.75 hours. The resultant solution of the copolymer (M„= A solution of 0.23 g of the photoinitiator Degacure® KI 

8547, M^o31,820, acid contentoO.84 mol/kg) can be further 85 (Degussa) and 0.04 g of 9-methylanthracene in 3 g of 

processed directly. methoxypropyl acetate is added to a mixture of 2 g of the 

1.9. Copolymer of methacrylic acid, methyl methacrylate solution from Example LI. and 3 g of the solution firom 

and ethyl acrylate 30 Example 1.6. The resultant resist solution is filtered and 

A solution of 27 g (314 mmol) of methacrylic acid, 99 g subsequently applied to a copper-laminated substrate (18 //m 

(990 mmol) of methyl methacrylate, 54 g (540 mmol) of of copper) by means of a K-bar coater (36 fm). The coated 

ethyl acrylate and 2.5 g of azoisobutyronitrile in 100 g of substrate is dried for 10 minutes at room temperature and 

methoxypropyl acetate is added dropwise over the course of subsequently for 15 minutes at 80* C, giving a resist film 

2 hours with stirring at 80° C. under nitrogen to a mixmre 35 with a thiclmess of 9 fim. Exposure is carried by means of 

of 3.0 g (35 mmol) of methacrylic acid, 11 g (110 mmol) of a PR 340 ORG printer, SMX 7000H lamp, using a 21 step 

methyl methacrylate, 6.0 g (60 mmol) of ethyl acrylate and Stouffer sensitivity guide as mask (see W. S. DeForest, 

200 g of methoxypropyl acetate. Stirring is continued at 80* "Photoresist", McGraw-Hill Book Co., N.Y., pp. 109 ff.). 

C, and, one hour after the addition, a further 0.5 g of The exposed energy is 80 mJ/cm^. After about 5 minutes, the 

azoisobutyronitrile is added. 40 exposed plate is developed for 120 seconds with a 1% 

The solution is subsequently stirred at 80* C. for a fiirther aqueous NajCOj solution (30* C, spray pressure 2 bar). 

5 hours. The resultant solution of the copolymer (M„-8993, After etching with CuClj/Ha solution at 45* C, a relief 

M^b43,314, acid content-0.7 mol/kg) can be further pro- image with the final imaged step being No. 4 is obtained, 

cessed directly. Structures of 50 /an are well resolved, 

I.IO Copolymer of methacrylic acid, methyl methacrylate 45 The resist is subsequently removed by immersion in 

and ethyl acrylate aqueous 5% NaOH solution at 30* C. 

A solution of 21,6 g (251 mmol) of methacrylic acid, II. 2. Positive Etch Resist 

104.4 g (1.04 mol) of methyl methacrylate, 54 g (540 mmol) A solution of 0.23 g of the photoinitiator Degacure® KI 

of ethyl acrylate and 4.0 g of azoisobutyronitrile in 100 g of 85 (Degussa) and 0.04 g of 9-methylanthracene in 3 g of 

methoxypropyl acetate is added dropwise over the course of 50 methoxypropyl acetate is added to a mixture of 3,5 g of the 

2 hours with stirring at 80* C. under nitrogen to a mixture solution from Example 1.2 and 1,5 g of the solution firom 

of 2.4 g (28 mmol) of methacrylic acid, 11.6 g (116 mmol) Example 1.5. The coating, exposure, development and etch- 

of methyl methacrylate, 6.0 g (60 mmol) of ethyl acrylate ing are carried out in the same way as in Example II. 1. The 

and 200 g of methoxypropyl acetate. Stinring is continued at exposure energy is 80 mJ/cm^. The development time is 120 

80° C, and, one hour after the addition, a further 1.0 g of 55 s at 22° C. and a spray pressure of 2 bar. A relief image with 

azoisobutyronitrile is added. the final imaged step being No. 3 is obtained. Structures of 

The solution is subsequently stirred at 80* C. for a fiirther 25 jum are well resolved. 

5 hours. The resultant solution of the copolymer (M„o9275, II.3. Positive Etch Resist 

M^«30304, acid content«0.61 mol/kg) can be further pro- A solution of 0.23 g of the photoinitiator Degacure® KI 

cessed directly, 60 85 (Degussa) and 0.04 g of 9-melhylanthracene in 3 g of 

1. 11. Copolymer of methacrylic acid, methyl methacrylate methoxypropyl acetate is added to a mixture of 2.5 g of the 

and N-phenylmaleimide solution firom Example 1.2 and 2.5 g of the solution from 

A solution of 36.0 g (419 mmol) of methacrylic acid, 126 Example 1.6. The coating, exposure, development and etch- 

g (1.26 mol) of methyl methacrylate, 18 g (104 mmol) of ing are carried out in the same manner as in Example II. 1. 

N-phenylmaleimide and 5.0 gofTrigonoxC(Akzo product) 65 Exposure energy: 80 mJ/cm^; Development time: 120 s 

in 100 g of methoxypropyl acetate is added dropwise over (30* C./spray pressure 2 bar); Final imaged step: No. 3; 

the course of 2 hours with stirring at 135* C. under nitrogen Resolution: 25 /im. 
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11.4. Positive Etch Resist Chemicals), 0.04 g of Pergascriptblau S-RB (Ciba), 0.02 g 
A solution of 0.16 g of the photoinitiator Cyracure 6990 of Iriazine A ((PCAS) and 0.01 g of Orasolblau GN (Ciba) 

(Union Carbide) and 0.04 g of Quantacure ITX (Octel in 6 g of methoxypropyl acetate is added to a mixture of 3.0 

Chemicals) in 1.83 g of methoxypropyl acetate is added to g of the solution from Example 1.3 and 7.0 g of the solution 

a mixture of 1,5 g of the solution from Example 1.2 and 4.67 5 from Example I.IO. The coating, exposure, development and 

g of a 30% solution of Scripset 550 in methoxypropyl etching are carried out in the same manner as in Example 

acetate. The coating, exposure, development and etching are III, but a Staub LB 65-1/5000 W lamp is used for the 

carried out in the same manner as in Example II.l. exposure. 

Exposure energy: 125 mJ/cm^ Development time: 120 s Exposure energy: 114 mJ/cm^ Development time: 70 s 

(35° C./spray pressure 1 bar); Final imaged step: No. 1; 10 (30** C./spray pressure 1 bar) Final imaged step: No. 1 

Resolution: 25 jum Resolution: 25 

A comparative test with the solution from Example 12 11.10. Positive Etch Resist 

after storage for 9 months at room temperature shows no A solution of 0.32 g of the photoinitiator Cyracure 6974 

difference. (Union Carbide), 0.08 g of Quantacure ITX (Octel 

11.5. Positive Etch Resist 15 Chemicals), 0.04 g of Pergascriptblau S-RB (Ciba), 0.02 g 
A solution of 0.16 g of the photoinitiator Cyracure 6990 of triazine A ((PCAS) and 0.01 g of Orasolblau GN (Ciba) 

(Union Carbide), 0.04 g of Quantacure ITX (Octel in 6 g of methoxypropyl acetate is added to a mixture of 5.0 

Chemicals) and 0.01 g of Orasolblau GN (Ciba) in 3 g of g of the solution from Example 1.7 and 5.0 g of the solution 

methoxypropyl acetate is added to a mixture of 3.0 g of the from Example 1.10. The coating, exposure, development and 

solution from Example 1.3 and 2.0 g of the solution from 20 etching are carried out in the same manner as in Example 

Example 1.5. The coating, exposure, development and etch- II.l, but a Staub LB 65-1/5000 W lamp is used for the 

ing are carried out in the same manner as in Example II.l. exposure. 

Exposure energy: 150 mJ/cm^ Development time: 100 s Exposure energy: 130 mJ/cm^ Development time: 70 s 

(30 ^ C./spray pressure 1 bar) Final imaged step: Nr. 2 (30° C./spray pressure 1 bar) Final imaged step: No. 4 

Resolution: 25 25 Resolution: 25 ftm 

11.6. Positive Etch Resist 11.11. Positive Etch Resist 

A solution of 0.16 g of the photoinitiator Cyracure 6990 A solution of 0.32 g of the photoinitiator Cyracure 6974 

(Union Carbide) and 0.04 g of Quantacure ITX (Octel (Union Carbide), 0.08 g of Quantacure ITX (Octel 

Chemicals) in 2.17 g of methoxypropyl acetate is added to Chemicals), 0.09 g of Multiflow (Monsanto) and 0.01 g 

a mixture of 2.5 g of the solution from Example 1.4 and 3.33 30 Orasolblau GN (Ciba) in 5.7 g of methoxypropyl acetate is 

g of a 30% solution of Scripset 550 in methoxypropyl added to a mixture of 5.0 g of the solution from Example 1.4 

acetate. The coating, exposure, development and etching are and 5.0 g of the solution from Example 1. 11. The coating, 

carried out in the same manner as in Example II.l. exposure, development and etching are carried out in the 

Exposure energy: 30 mJ/cm^ Development time: 63 s (30° same manner as in Example ILl, but a Staub LB 65-1/5000 

C./spray pressure 1 bar) Final imaged step: No. 3 Resolu- 35 W lamp is used for the exposure. 

tion: 25 fim Exposure energy: 130 mJ/cm^ Development time: 100 s 

11.7. Positive Etch Resist (25° C./spray pressure 1 bar) Final imaged step: No. 4 
A solution of 0.32 g of the photoinitiator Cyracure 6974 Resolution: 25 ^m 

(Union Carbide), 0.08 g of Quantacure ITX (Octel 11.12. Positive Etch Resist 

Chemicals), 0.04 g of Pergascriptblau S-RB (Ciba), 0.02 g 40 A solution of 032 g of the photoinitiator Cyracure 6974 

of triazine A ((PCAS) and 0.01 g of Orasolblau GN (aba) (Union Carbide), 0.08 g of Quantacure ITX (Octel 

in 6 g of methoxypropyl acetate is added to a mixture of 7.0 Chemicals), 0.09 g of Multiflow (Monsanto), 0.63 mg of 

g of the solution from Example 1.3 and 3.0 g of the solution N-methylimidazole and 0.01 g Orasolblau GN (Ciba) in 5.7 

from Example 1.8. The coating, exposure, development and g of methoxypropyl acetate is added to a mixture of 5.0 g of 

etching are carried out in the same manner as in Example 45 the solution from Example 1.4 and 5.0 g of the solution from 

II.l, but a Staub LB 65-1/5000 W lamp is used for the Example 1.11. The coating, exposure, development and 

exposure. etching are carried out in the same manner as in Example 

Exposure energy: 114 mJ/cm^ Development time: 70 s II.l, but a Staub LB 65-1/5000 W lamp is used for the 

(30° C./spray pressure 1 bar) Final imaged step: No. 2 exposure. 

Resolution: 25 fim 50 Exposure energy: 200 mJ/cm^ Development time: 40 s 

11.8. Positive Etch Resist (30° C./spray pressure 1 bar) Final imaged step: No, 3 
A solution of 3.2 g of the photoinitiator Cyracure 6974 Resolution: 25 -^m 

(Union Carbide), 0.8 g of Quantacure ITX (Octel 11.13. Positive Etch Resist 

Chemicals), 0.4 g of Pergascriptblau S-RB (Ciba), 0.2 g of A solution of 0.32 g of the photoinitiator Cyracure 6974 

triazine A ((PCAS) and 0.1 g of Orasolblau GN (Ciba) in 55 (Union Carbide), 0.08 g of Quantacure ITX (Octel 

22.7 g of methoxypropyl acetate is added to a mixture of 50 Chemicals), 0.09 g of Multiflow (Monsanto), 6,3 mg of 

g of the solution from Example 1.3 and 50 g of the solution N-methylimidazole and 0.01 g Orasolblau GN (Ciba) in 5.7 

from Example 1.9, The coating, exposure, development and g of methoxypropyl acetate is added to a mixture of 5.0 g of 

etching are carried out in the same manner as in Example the solution from Example 1.4 and 5.0 g of the solution from 

II.l, but a 64 g roller coater is tised for the coating and a 60 Example Ml. The coating, exposure, development and 

Staub LB 65-1/5000 W lamp is used for the exposure. etching are carried out in the same manner as in Example 

Exposure energy: 114 mJ/cm^ Development time: 80 s II.l, but a Staub LB 65-1/5000 W lamp is used for the 

(30° C./spray pressure 1 bar) Final imaged step: No. 3 exposure. 

Resolution: 25 pim Exposure energy: 200 mJ/cm^ Development time: 70 s 

11.9. Positive Etch Resist 65 (30" C./spray pressure 1 bar) Final imaged step: No. 3 
A solution of 0.32 g of the photoinitiator Cyracure 6974 Resolution: 25 fim 

(Union Carbide), 6.08 g of Quantacure ITX (Octel 11.14. Positive Etch Resist 
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A solution of 0.32 g of the photoinitiator Cyracure 6974 
(Union Carbide), 0.08 g of Quantacure ITX (Octel 
Chemicals), 0.04 g of Pergascriptblau S-RB (Ciba), 0.2 g of 
triazine A ((PCAS) and 0.01 g of Orasolblau GN (Ciba) in 
6 g of methoxypropyl acetate is added to a mixture of 4.0 g 
of the solution from Example L7 and 6.0 g of the solution 
&om Example 1. 11. The coating, exposure, development and 
etching are carried out in the same manner as in Example 
II.l, but a Staub LB 65-1/5000 W lamp is used for the 
exposure. 

Exposure energy: 130 mJ/cm^ Development time: 60 s 
(30* C./spray pressure 1 bar) Final imaged step: No. 5 
Resolution: 25 

11.15. Positive Etch Resist 
A solution of 0.16 g of the photoinitiator (4-nitrophenyl) 

methyl 9,10dihydroxy-2'anthracenesulfonate, 0.4 g of Per- 
gascriptblau S-RB (Ciba), 0.2 g of triazine A ((PCAS) and 
0.01 g of Orasolblau GN (Ciba) in 5.7 g of methoxypropyl 
acetate is added to a mixture of 4.0 g of the solution from 
Example 1.7 and 6.0 g of the solution from Example 1. 11. 
The coating, exposure, development and etching are carried 
out in the same manner as in Example I.l, but a Staub LB 
65-1/5000 W lamp is used for the exposure. 

Exposure energy: 130 mJ/cm^ Development time: 70 s 
(30° C./spray pressure 1 bar) Final imaged step: No. 2 
Resolution: 25 

11.16. Positive Etch Resist 
A solution of 0.32 g of the photoinitiators Cyracure 6974 

(Union Carbide), 0.08 g of Quantacure ITX (Octel 
Chemicals), 0.09 g of Multiflow (Monsanto) and 0.01 g of 
Orasolblau GN (Ciba) in 5.7 g of methoxypropyl acetate is 
added to a mixture of 5.0 g of the solution from Example 
1. 11 and 5.0 g of the solution from Example 1.12. The 
coating, exposure, development and etching are carried out 
in the same manner as in Example II. 1, but a Staub LB ^ 
65-1/5000 W lamp is used for the exposure. 

Exposure energy: 200 mJ/cm^ Development time: 135 s 
(30° C./spray pressure 1 bar) Final imaged step: No. 2; 
Resolution: 25 

11.17. Positive Etch Resist 
A solution of 0.16 g of the photoinitiator diphenyliodo- 

nium hexafluoroarsenate, 0.08 g of Quantacure ITX (Octel 
Chemicals), 0.09 g of Multiflow (Monsanto) and 0.01 g 
Orasolblau GN (Ciba) in 5.7 g of methoxcypropyl acetate is 50 
added to a mixture of 5.0 g of the solution from Example 
I.ll and 5.0 g of the solution from Example 1.12. The 
coating, exposure, development and etching are carried out 
in the same manner as in Example Il.l, but a Staub LB 
65-1/5000 W lamp is used for the exposure. 

Exposure energy: 130 mJ/cm^ Development time: 70 s 
(30° C./spray pressure 1 bar) Final imaged step: No. 5 
Resolution: 25 fm 

What is claimed is: 

1. A positive photoresist composition which can be devel- 
oped in aqueous>alkaline media, consisting essentially of 

(a) at least one a homopolymer or copolymer comprising 
8-100% by weight of recurring structural units of the 65 
formula la and 92-0% by weight of recurring structural 
units of the formula lb 
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(la) 



I' r 

-c— c- 

I I 

R2 X 



^5 



-C— C— R7, 

OR4 R6 



Rio 
-c— 

I 



(lb) 



in which 

X is a direct bond or a divalent aliphatic, cycloalipbatic 
or heterocyclic radical having 1-18 carbon atoms, in 
which one or more carbon atoms may be replaced by 
oxygen, sulfur or non-basic nitrogen atoms, 

R^, R2 and R3, independently of one another are 
hydrogen, Cj-Cgalkyl, C5-Ci4aryl, Cg-Cjoaralkyl, 
halogen, — COOH, — COOR12 or — C0NR_Ri4, 
where R^^ is an unsubstituted or Cj-C^alkoxy-, 
hydroxyl- or halogen-substituted C^-Cigalkyl group 
or the radical of a bydroxyl-terminated polyether or 
polyester, and R^^ and Rj4, independently of one 
another, are hydrogen, Cj-C^Qd\kyl, C5-Ci4aryl or 
Cg-Cjoaralkyl, 

R4 is Cj-Cgalkyl or phenyl, 

R5 is hydrogen or C^-Cgalkyl, and 

Rg and R7, independently of one another, are hydrogen, 
Cj-Cgalkyl or Cj-C^alkoxy, or two of the radicals 
R4, R5, Rg or R7, together with the carbon or oxygen 
atoms to which they are bonded, form a 5- to 
8-membered ring, 

Rg, Rp, Rio and Rji, independendy of one another, are 
hydrogen, Cj-Cigalkyl, unsubstituted or Ci-Cg- 
alkyl-, C^-C^alkoxy- or halogen-substituted phenyl, 
halogen, Cj-Cigalkoxy, — C00Rj2, — OCORja or 
— COOH, in which Rj2 is as defined above, 

or Rp and R^^ together with the carbon atoms to which 
they are bonded, form a five-membered ring having 
the structure 



-c— c- 



N 
I 

Rl5 



o. 



60 



in which R35 is hydrogen, Cj-Cjgalkyl, C5-Ci4aryl, 
Q-Qo^ralkyl or hydroxyl-, alkoxy- or halogen- 
substituted phenyl, 
with the proviso that the mean molecular weight (weight 
average) of the homopolymer or copolymer is 1000-500, 
(XX) and the amount of COOH groups is at most 0.4 mol/kg, 

(b) at least one copolymer comprising 5-40% by weight 
of recurring structural units of the formula Ila and 
95-60% by weight of recurring structural units of the 
formula lib 
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(Ua) 



R, Rj 
I I 

-c— c- 

I I 
R2 X 



COOH, 



(nb) 



Rg Rio 

-c— C— 
I I 

R9 Rii 



in which Rj, R2, R3 and X are as defined in formulas 
la and lb, in which Rg and Rp are hydroaen, R^q 
hydrogen or methyl and Rj^ is phenyl or — C00Ri2> in 
which R12 is Ci-Cjgalkyl, or at least one copolymer 
comprising recurring structural units of the formula 

H H 

I I 

-c— c- 



N 0» 
I 

Rl5 



in which R15 is phenyl 
with the proviso that the mean molecular weight (weight 
average) of the copolymer is 1000-500,000 daltons and the 
content of carboxyl groups is from 0.40 to 4.00 mol caiboxyl 
groups per kg copolymer, 

(c) at least one compound which forms an acid on 
exposure to actinic radiation, and 

(d) an organic solvent. 

2. A composition according to claim 1, wherein compo- 
nent (a) is at least one homopolymer or copolymer com- 
prising recurring structural units of the formula la in which 
Ri and R2 are hydrogen and R3 is hydrogen or methyl. 

3. A composition according to claim 1, wherein compo- 
nent (a) is at least one homopolymer or copolymer com- 
prising recurring structural units of the formula III 



(HI) 




X2 and R3, are as defined in claim 1. 



in which 
Ri> R2 

4. A composition according to claim 3, wherein compo- 
nent (a) is at least one homopolymer or copolymer com- 
prising recurring structural units of the formula III in which 
R^ and R2 are hydrogen and R3 is hydrogen or methyl. 

5. A composition according to claim 1, wherein compo- 
nent (b) is at least one copolymer comprising 5-40% by 
weight of recurring structural units of the formula Ila and 
95-60% by weight of recurring structural units of the 
formula lib 



10 



TT- ■ 

R2 X^. 

COOH 

Rs Rio" 

"rr- 

R9 Rii 



(Da) 



m 
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j5 in which Rj, R2, R3, Rg, R9, Rio» X are as defined 

in claim 1, with the proviso that the mean molecular weight 
(weight average) of the copolymer is 1000-500,000 daltons 
and the content of carboxyl groups is from 0.40 to 4.00 
mol/kg. 

6. A composition according to claim 5, wherein compo- 
nent (b) is at least one copolymer comprising recurring 
structural units of the formula (lla), in which Rj and R2 are 
hydrogen, R3 is hydrogen or methyl and X is a direct bond. 

7. A composition according to claim 5, wherein compo- 
nent (b) is at least one copolymer comprising 5-35% by 

25 weight of recurring structural units of the formula lla and 
95-65% by weight of recurring structural units of the 
formula lib. 

8. A composition according to claim 1, wherein compo- 
nent (a) is at least one homopolymer or copolymer com- 

30 prising 20-100% by weight of recurring structural units of 
the formula la and 80-0% by weight of recurring structural 
units of the formula lb. 

9. A composition according to claim I, comprising 
10-95% by weight of component (a) and 90-5% by weight 

35 of component (b), based on the sum of components (a)+(b). 

10. A composition according to claim 1, wherein compo- 
nent (c) is a photosensitive diazonium, sulfonium, sulfoxo- 
nium or iodonium salt or a photosensitive sulfonic acid ester. 

11. A composition according to claim 1, wherein compo- 
nent (c) is triphenylsulfonium tifluoromethanesulfonate, 
triphenylsulfonium hexafluoroantimonate, triphenylsulfo- 
nium hexafluorophosphate, triphenylsulfonium hexafluoro- 
arsenate or a hexafluorophosphate or hexafluoroantimonate 
of the following sulfonium ions: 

45 



50 




55 



60 





in which m is an integer from 1 to 10. 

12. A composition according to claim 1, wherein compo- 
65 nent (d) is methoxypropyl acetate. 

13. A process for the production of relief structures on a 
circuit board, which comprises coating a substrate with a 
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composition according to claim 1, and exposing the film 
obtained after removal of the solvent imragewise and sub- 
sequently developing the exposed film in an aqueous- 
alkaline medium. 

14. A process according to claim 13, which comprises the 
following steps: 

(A) coating a copper-laminated substrate with a compo- 
sition according to claim 1 by application of liquid 
resists by known methods; 

(B) removal of the solvent by drying at temperatures of 
from 30** C. to 130* C; 



10 



20 



(C) exposure to actinic radiation through a mask or by 
means of direct laser irradiation; 

(D) development using aqueous-alkaline or semiaqueous- 
alkaline developer solutions; 

(E) etching and; 

(F) removal of the photoresist coating which remains by 
stripping. 
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